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Euqarist—ec
Arqik, ja  jela na euqarist sw idia—tera ton epiblŁponta Kajhght  K‚sta
Kuriakìpoulo gia thn ptaisth sunergas—a pou e—qame kat thn ekpìnhsh thc diplw-
matik c mou ergas—ac. Mou Łdwse thn eukair—a na ergast‚ sto rtia exoplismŁno
Ergast rio Automtou ElŁgqou ( Control Systems Lab  CSL), me polÔpeirouc e-
reunhtŁc ston tomŁa thc rompotik c kai tou elŁgqou. H kajod ghsh tou  tan polÔ
kr—simh se ereunhtik, teqnik kai proswpik zht mata. H proswpikìthta tou kai
o polÔpleuroc trìpoc tou antimet‚pishc twn problhmtwn, me enŁpneusan gia thn
sunŁqeia twn spoud‚n mou ston q‚ro thc rompotik c.
Ep—shc, euqarist‚ idia—tera ton Dr. Mhn Liarokph gia thn adikoph kajo-
d ghsh kai gia thn upomon  pou epŁdeixe kajìlh thn ergas—a mou. ’Otan xek—nhsa
thn diplwmatik  mou ergas—a o Mhnc  tan Upoy fioc Didktwr sto CSL kai Łpeita
metadidaktorikìc ereunht c sto GRAB Lab tou Yale University (sunergast kame
sthn Ellda gia 5 m nec kai ton upìloipo 1.5 qrìno metakìmise stic H.P.A.). H
sunergas—a exapostsewc e—nai polÔ dÔskolh gia autì apait jhke epiplŁon doulei,
kìpoc kai poll xenÔqtia gia na antepexŁljoume. E—maste mŁlh thc prwtoboul—ac
OpenBionics, ton ektim‚ amŁrista kai ton jewr‚ Łmpisto f—lo mou.
Sthn sunŁqeia ja  jela na euqarist sw ta upìloipa mŁlh thc prwtoboul—ac
OpenBionics ’Agh Zhsimto kai Qristìforo Mauroginnh. Ousiastik, h diplwma-
tik  mou ergas—a e—nai sunŁqeia thc ergas—ac twn rompotik‚n qeri‚n pou exŁlixan
oi ’Aghc, Mhnc kai Qristìforoc. O ’Aghc me bo jhse arket se pshc fÔsewc
teqnik zht mata kai den ja xeqsw potŁ ton z lo tou kat thn per—odo diexagwg c
twn peiramtwn, prokeimŁnou na prolboume thn projesm—a touIROS 2015. Me ton
Qristìforo xekin same na sunergazìmaste exapostsewc, kaj‚c e—nai Upoy fioc
Didktwr sto Cornell University. Ektim‚ thn empistosÔnh pou mou epŁdeixe kai
jaumzw ton analutikì trìpo skŁyhc tou.
Ja  jela na euqarist sw ep—shc, ta upìloipa mŁlh tou CSL gia to exairetikì
kl—ma pou dhmioÔrghsan kai gia thn bo jeia pou mou pare—qan.
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2Kajìlh th dirkeia twn spoud‚n mou sto E.M.P. doÔleua parllhla sthn Sychem.
Euqarist‚ jerm ton proðstmeno, f—lo kai mŁntora mou Panagi‚th Libanì gia thn
upomon  tou kai tic sumboulŁc tou. Den ja xeqsw potŁ thn empistosÔnh pou epŁdei-
xe sto prìswpo mou kai to  joc tou. Oi sundelfoi mou Gi‚rgoc Thliakìc, Louk—a
Berg—dou kai ’Aggeloc Zafeirìpouloc me st rixan kai me bo jhsan se amŁtrhta zh-
t mata. E—nai exairetiko— f—loi kai touc euqarist‚ idia—tera. Euqarist‚ ep—shc thn
dio—khsh thc etaire—ac, ìlouc touc ergazomŁnouc kai thn omda thcMotoroil gia thn
empistosÔnh touc kai thn anoq  touc me tic foithtikŁc mou deiec.
JŁlw na euqarist sw idia—tera ton nhpiakì mou f—lo Serafe—m QasomŁrh me ton
opo—o ta teleuta—a qrìnia  mastan sundelfoi sthn Sychem. O Serafe—m me bohjei
se ìti prìblhma prokÔptei kai mou sumparastŁketai se ìla ta ep—peda thc zw c mou.
Euqarist‚ touc epist jiouc f—louc mou BaggŁlh Kokorkh, Jodwr  Jeotìkh,
LorŁntzo MikroÔtsiko kai Apostìlh TŁtta pou mou sumparastŁkontai kai me sum-
bouleÔoun thn teleuta—a dekaet—a.
Ep—shc, jŁlw na euqarist sw touc gone—c mou Pantel  kai Xanj  KontoÔdh gia
thn aperiìristh upost rixh kai agph pou mou Łqoun de—xei ìla aut ta qrìnia. E—nai
entupwsiakì na xŁreic pwc ìti kai an sumbe— ja Łqeic pnta 2 anjr‚pouc sthn zw 
sou. Euqarist‚ jerm thn aderf  mou Ma—rh KontoÔdh pou me bohjei se ìla ta
b mata thc zw c mou kai sumparastŁketai se ìlec tic dÔskolec stigmŁc. Ep—shc,
euqarist‚ ta an—yia mou Swt rh kai Xanj—pph pou me knoun qaroÔmeno kje for
pou touc blŁpw.
TŁloc, jŁlw na euqarist sw jerm thn kopŁla mou Bsia Ampatz  gia thn agph
pou mou Łdwse, thn upomon  pou epŁdeixe kai thn upost rixh pou mou pare—qe se ìlo
to disthma twn spoud‚n mou sto E.M.P. kai idia—tera kat thn dÔskolh per—odo thc
diplwmatik c mou ergas—ac. E—nai apì touc pio shmantikoÔc anjr‚pouc sthn zw  mou
kai ni‚jw exairetik eutuq c pou thn Łqw d—pla mou.
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kai sthn kopŁla mou Bsia.

Per—lhyh
Antike—meno thc paroÔsac diplwmatik c ergas—ac e—nai h sqed—ash kai kataskeu 
enìc anjrwpomorfikoÔ, upoepenergoÔmenou kai parametropoi simou rompotikoÔ qe-
rioÔ, qamhloÔ kìstouc kai brouc.
To anjr‚pino qŁri e—nai to pio epidŁxio telikì kro arpghc kai qeirismoÔ anti-
keimŁnwn sthn fÔsh, sunep‚c analÔetai h anjrwpomorfikìthta wc krit rio sqed—a-
shc tou rompotikoÔ qerioÔ. Gia thn exasflish thc leitourgikìthtac tou rompotikoÔ
qerioÔ qrhsimopoi jhkan elastikŁc arjr‚seic pou eisgoun upoqwrhtikìthta sthn
kataskeu , apaitoÔn aploÔc nìmouc elŁgqou kai parousizoun exairetik  leitourgi-
kìthta se mh domhmŁna peribllonta. Sthn sunŁqeia, epitugqnontai qamhlì kìstoc
kai broc thc kataskeu c me thn qr sh elafr‚n kai eurŁwc diadedomŁnwn ulik‚n
ìpwc to Plexiglas & to ABS. ’Enac lloc kr—simoc pargontac me—wshc tou kìstouc
kai tou brouc e—nai h epilog  twn hlektrik‚n epenerght‚n. Sthn sugkekrimŁnh
ergas—a, epilŁqthke na qrhsimopoihje— 1 hlektrikìc epenerght c pou sunergzetai
me katllhlo diaforikì mhqanismì gia thn metafor thc k—nhshc sta dqtula tou
rompotikoÔ qerioÔ.
Me tic apait seic pou or—sthkan proŁkuyan sugkekrimŁnoi periorismo— gia thn
sqed—ash kai thn kataskeu  tou rompotikoÔ qerioÔ. Oi periorismo— xepersthkan me
thn epilog  sugkekrimŁnwn apofsewn kai paradoq‚n. Sthn sunŁqeia, me gn‚mona
tic apofseic kai tic paradoqŁc, epilŁqjhkan sugkekrimŁna qarakthristik gia thn
sqed—ash tou anjrwpomorfikoÔ rompotikoÔ qerioÔ. Pio sugkekrimŁna, qrhsimopoi-
 jhke o iatrikìc Łlegqoc tou Kapandji wc krit rio gia ton orismì twn jŁsewn twn
arjr‚sewn tou ant—qeira, epilŁqjhke h qr sh odontwtoÔ mhqanismoÔ sÔmplexhc tou
ant—qeira, gia thn diakritopo—hsh twn jŁsewn tou opo—ou melet jhkan taxinom seic
arpghc tou anjr‚pinou qerioÔ, kai anaptÔqjhke kainotìmoc diaforikìc mhqanismìc
epilektik c emplok c twn daqtÔlwn basizìmenoc sto Whietree .
AkoloÔjwc, ulopoi jhkan oi epilogŁc twn sugkekrimŁnwn qarakthristik‚n gia
thn sqed—ash tou anjrwpomorfikoÔ rompotikoÔ qerioÔ. H sqed—ash e—nai parametri-
k  kai epitrŁpei thn anaparagwg  proswpopoihmŁnwn anjropomorfik‚n rompotik‚n
qeri‚n. To proteinìmeno qŁri mpore— na kataskeuaste— e—te apì mhqan  kop claser,
e—te apì mhqan  enapìjeshc t gmatoc (3D printer).
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Sthn sunŁqeia, epalhjeÔthke mŁsw ekten‚n peiramtwn, h leitourgikìthta tou
sunìlou thc kataskeu c tou anjrwpomorfikoÔ rompotikoÔ qerioÔ. Ta peirmata qw-
r—sthkan se 2 mŁrh, ìpou sto pr‚to mŁroc dokimsthke h leitourgikìthta tou diafo-
rikoÔ mhqanismoÔ epilektik c emplok c, en‚ sto deÔtero mŁroc exetsthke h ikanìth-
ta tou qerioÔ na epitugqnei arpgec kajhmerin‚n antikeimŁnwn. Apì ta parapnw,
ex qjhsan shmantik sumpersmata pou aforoÔn thn suneisfor tou diaforikoÔ mh-
qanismoÔ kai thn sunolik  leitourgikìthta thc kataskeu c.
To sugkekrimŁno rompotikì qŁri mpore— na qrhsimopoihje— gia plhj‚ra efarmo-
g‚n rompotik c kaj‚c kai wc prosjetikì kro qamhloÔ kìstouc kai brouc.
LŁxeic Kleidi
Sqed—ash Rompotik‚n Qeri‚n, Anjrwpomorfismìc, Diaforiko— Mhqanismo—, Ki-
nhmatik , Arpgh AntikeimŁnwn.
Abstract
This thesis focuses on the design and development of an anthropomorphic, un-
deractuated, personalized robot hand of low cost and weight.
Human hand is the most versatile and dexterous end–effector known, so in this
thesis we argue that anthropomorphism is an important feature for hand design.
Elastic joints were selected in order to introduce passive compliance in the hand
structure, simplify the control problem and perform robust grasping in unstructu-
red environments. Low weight and cost were achieved with the use of common,
lightweight and off–the–self materials, like Plexiglas & ABS. Moreover, in this thesis
we select to use a single actuator with a novel selectively differential mechanism that
allows the execution of different grasping postures and gestures.
The aforementioned specifications led us to appropriate design choices for the
anthropomorphic robot hand. More precisely, the Kapandji test was used to derive
the exact positions of thumb joints, a toothed locking mechanism was implemented
for the opposition of the thumb and a novel selectively lockable differential mecha-
nism, based on the Whiffletree, was developed. The proposed design is parametric
and allows the replication of personalized, anthropomorphic robotic and prosthetic
hands. The proposed hands can be manufactured with either a laser cutter or a 3D
printer.
In order to validate the efficiency of the proposed robot hand design we conducted
two different sets of experiments. During the first set, the efficiency of the selectively
lockable differential mechanism was assessed, while the second set assessed the ability
of the hand to efficiently grasp a wide range of everyday life objects. The suggested
robot hand can be used for a variety of robotic applications as well as the creation
of an affordable, light–weight prosthesis.
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Keflaio 1
Eisagwg 
1.1 Antike—meno thc diplwmatik c
Ta teleuta—a qrìnia parousizetai meglo endiafŁron gia thn melŁth kai kata-
skeu  anjrwpomorfik‚n, upoepenergoÔmenwn rompotik‚n qeri‚n. Ta anjrwpomor-
fik rompotik qŁria br—skoun efarmog  e—te wc telikì kro se sust mata rompoti-
k‚n braqiìnwn, e—te wc prosjetik mŁlh. Ta perissìtera anjrwpomorfik qŁria e—nai
pl rwc epenergoÔmena, exairetik akrib, meglou broc kai apaitoÔn polÔplokouc
nìmouc elŁgqou gia thn leitourg—a touc.
Gia touc parapnw lìgouc, protjhke prìsfata mia nŁa klsh rompotik‚n qeri-
‚n pou apaitoÔn ligìterouc epenerghtŁc apì bajmoÔc eleujer—ac touc kai ta opo—a
onomzontai upoepenergoÔmena. Oi lìgoi pou od ghsan sthn me—wsh twn hlektrik‚n
epenerght‚n parat—jentai paraktw:
 Auxnoun to kìstoc anptuxhc kai agorc enìc rompotikoÔ qerioÔ.
 Auxnoun to sunolikì broc thc kataskeu c.
 Auxnoun thn poluplokìthta twn apaitoÔmenwn nìmwn elŁgqou.
Sunep‚c, proŁkuyan rompotik qŁria pou qrhsimopoioÔsan Łna hlektrikì epener-
ght , me thn metafor thc k—nhshc na g—netai mŁsw diaforik‚n mhqanism‚n me mprec,
odontwtoÔc troqoÔc kai troqal—ec. Parìlo pou up rxe shmantik  me—wsh sto kìstoc
agorc, sto broc thc kataskeu c kai sthn poluplokìthta twn nìmwn elŁgqou to
prìblhma den lÔjhke, kaj‚c proŁkuyan zht mata leitourgikìthtac.
Gia na antimetwp—soume ta sugkekrimŁna probl mata leitourgikìthtac anazhto-
Ôme Łmpneush sto anjr‚pino qŁri, to pio epidŁxio telikì kro sthn fÔsh. Poll
anjrwpomorfik rompotik qŁria empnŁontai apì thn epidexiìthta tou anjr‚pinou
qerioÔ, qwr—c na uprqei ìmwc akìmh rompotikì qŁri pou na Łqei ikanopoihtikì bajmì
anjrwpomorfikìthtac [1].
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Sthn paroÔsa diplwmatik  ergas—a sqedizetai kai kataskeuzetai anjrwpomor-
fikì, upoepenergoÔmeno rompotikì qŁri pou uiojete— Łxupnec lÔseic gia ta zht mata
leitourgikìthtac kai plhro— ikanopoihtik ta krit ria anjrwpomorfismoÔ.
1.2 SqetikŁc ergas—ec
E—nai gnwstì ìti ta antike—mena pou uprqoun trigÔrw mac e—nai sqediasmŁna pro-
keimŁnou na dieukolÔnetai h arpgh touc apì to anjr‚pino qŁri. EpomŁnwc, prokei-
mŁnou na epiteuqje— megistopo—hsh thc ikanìthtac tou rompotikoÔ qerioÔ na epitug-
qnei arpgec kajhmerin‚n antikeimŁnwn epilŁgetai anjrwpomorfik  sqed—ash.
Prìsfata, seir melet‚n epikentr‚jhkan sthn perigraf  kai posotikopo—hsh tou
anjrwpomorfismoÔ paradeigmatik‚n rompotik‚n krwn [1, 2]. Oi suggrafe—c qrhsi-
mopoioÔn mia mejodolog—a sÔgkrishc tou anjr‚pou me rompotik sust mata, h opo—a
bas—zetai se sugkr—seic twn q‚rwn ergas—ac touc kai exgei Łna bajmì anjrwpomor-
fikìthtac pou kuma—netai apì to 0 Łwc to 1 (0 100%).
Sq ma 1.1: Anjr‚pino qŁri.
Sthn paroÔsa ergas—a, arqik prosdior—zetai to kinhmatikì montŁlo tou anjr‚pi-
nou qerioÔ qrhsimopoi‚ntac proôprqousec anjrwpometrikŁc melŁtec [3]. Oi sug-
kekrimŁnec melŁtec apodeiknÔoun pwc h anatom—a tou anjr‚pinou qerioÔ akolouje—
kanonik  katanom  bsei dÔo paramŁtrwn. Oi parmetroi autŁc e—nai to m koc (HL)
kai to pltoc ( HB) tou anjr‚pinou qerioÔ, ìpwc fa—netai sto sq ma 1.2. Met thn
exagwg  tou kinhmatikoÔ montŁlou tou anjr‚pinou qerioÔ, g—netai sÔgkrish me to
kinhmatikì montŁlo tou rompotikoÔ qerioÔ. Gia thn sÔgkrish qrhsimopoie—tai h pro-
anaferje—sa mejodolog—a posotikopo—hshc tou anjrwpomorfismoÔ twn rompotik‚n
qeri‚n.





Sq ma 1.2: M koc anjr‚pinou qerioÔ (Hand Length), pltoc anjr‚pinou qerioÔ
(Hand Breadth).
PollŁc Łreunec Łqoun pragmatopoihje— prokeimŁnou na taxinomhjoÔn oi tÔpoi ar-
pag‚n pou pragmatopoioÔn kajhmerin oi njrwpoi [4 6]. Se autŁc fa—netai pwc
to anjr‚pino qŁri dÔnatai na pragmatopoie— meglo arijmì arpag‚n me exairetik 
eukol—a, gegonìc pou apodeiknÔei thn poluplokìthta kai epidexiìthta tou.
Tic teleuta—ec dekaet—ec parousizetai eure—a ereunhtik  drasthriìthta ston to-
mŁa sqed—ashc rompotik‚n qeri‚n. Oi pr‚tec kateujÔnseic aforoÔsan th dhmiourg—a
rompotik‚n qeri‚n pou e—te  tan pl rwc epenergoÔmena, e—te qrhsimopoioÔsan arke-
toÔc hlektrikoÔc epenerghtŁc, ìpwc to Utah/MIT Hand [7], DLR Hand I [8], Gifu
Hand [9], Vanderbilt Hand [10], DLR/HIT Hand II [11] kai SmartHand [12], ta
opo—a diakr—nontai sto sq ma 1.3. AutŁc oi Łreunec od ghsan sthn dhmiourg—a an-
jrwpomorfik‚n rompotik‚n qeri‚n, ìpou lìgw tou auxhmŁnou arijmoÔ hlektrik‚n
epenerght‚n, parous—azan polÔploka sq mata elŁgqou.
Ep—shc, ta teleuta—a qrìnia parathre—tai idia—terh ereunhtik  drasthriìthta ston
tomŁa thc exŁlixhc anjrwpomorfik‚n, upoqwrhtik‚n, upoepenergoÔmenwn rompoti-
k‚n qeri‚n, ìpwc to Yale Prosthetic Hand [13], U. Laval Prosthetic Gripper [14],
ISR-SoftHand [15] kai Pisa/IIT SoftHand [16], ta opo—a diakr—nontai sto sq ma 1.4.
Mlista kpoiec Łreunec od ghsan sthn dhmiourg—a prwtobouli‚n anoiqtoÔ k‚dika
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α. β. γ.
δ. ε. στ.
Sq ma 1.3: Anjrwpomorfik rompotik qŁria. a. Utah/MIT Hand , b. DLR Hand I,
g. Gifu Hand, d. Vanderbilt Hand, e. DLR/HIT Hand II , st. SmartHand.
pou diajŁtoun eleÔjera ta sqŁdia kataskeu c twn qeri‚n kai odhgoÔc sunarmolìgh-
shc, ìpwc to Yale OpenHand Project[17], hNatural Machine Motion Initiative [18]
kai h OpenBionics Initiative [19]. Shmei‚netai pwc autŁc oi prwtoboul—ec anoiqto-
Ô k‚dika diad—doun rompotik qŁria exairetik qamhloÔ kìstouc kataskeu c. Sthn
upoenìthta 1.2.1 ja analÔsoume thn leitourg—a twn [13,14].
Sthn agor uprqoun ep—shc arketŁc pistopoihmŁnec epilogŁc rompotik‚n qeri-
‚n, gia Łna tomo me anaphr—a sto nw kro, pou mporoÔn na qrhsimopoihjoÔn wc
prosjetik mŁlh. Ta pio antiproswpeutik parade—gmata e—nai toBeBionic thc Stee-
per [20], to iLimb thc TouchBionics [21], to VincentHand thc VincentSystems[22]
kai to Michelangelo thc Ottobock [23], ta opo—a diakr—nontai sto sq ma 1.5. To
kìstoc agorc aut‚n twn prosjetik‚n qeri‚n kuma—netai apì 20 $K- 100$K, gego-
nìc pou kajist thn agor touc, apì meglo posostì anap rwn, polÔ dÔskolh Łwc
apagoreutik . Sthn upoenìthta 1.2.2 ja analÔsoume ta qarakthristik dÔo ek twn
pio diadedomŁnwn prosjetik‚n qeri‚n, tou Bebionic thc Steeper[20] kai tou iLimb
thc TouchBionics [21].
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α. β.
γ. δ.
Sq ma 1.4: Anjrwpomorfik rompotik qŁria me Łna hlektrikì epenerght . a. Yale
Prosthetic Hand, b. Pisa/IIT SoftHand , g. U. Laval Prosthetic Gripper, d. ISR-
SoftHand.
1.2.1 Anjrwpomorfik rompotik qŁria
Prìsfata parousisthke Łna anjrwpomorfikì rompotikì qŁri pou qrhsimopoie—
Łna hlektrikì epenerght  [13]. To sugkekrimŁno qŁri e—nai upoepenergoÔmeno kai
qrhsimopoie— gia thn metdosh thc k—nhshc Łna diaforikì mhqanismì me mprec, pou
bas—zetai stoWhietree [24]. H megalÔterh suneisfor thc sugkekrimŁnhc ergas—ac
e—nai Łnac kainotìmoc mhqanismìc gia thn k—nhsh tou ant—qeira. H en lìgw mhqanolo-
gik  ditaxh mpore— na epitÔqei Łlegqo 2 anexrthtwn bajm‚n eleujer—ac apì Łnan
hlektrikì epenerght . Pio sugkekrimŁna, dÔnatai na epilege— h kmyh epŁktash ìlwn
twn daqtÔlwn tou rompotikoÔ qerioÔ all kai h ant—jesh tou ant—qeira. H diafo-
ropo—hsh thc k—nhshc bas—zetai sthn for peristrof c tou hlektrikoÔ epenerght .
Kat thn ant—jesh tou ant—qeira epitugqnontai tŁsseric diakritŁc jŁseic, kaj‚c je-
wr jhke apì touc suggrafe—c pwc kalÔptoun touc sunhjŁsterouc tÔpouc arpghc
antikeimŁnwn.
M—a llh endiafŁrousa per—ptwsh rompotikoÔ qerioÔ parousizetai sto [14]. To
sugkekrimŁno qŁri e—nai upoepenergoÔmeno kai gia thn metdosh thc k—nhshc qrh-
simopoie— Łna diaforikì mhqanismì me mprec basizìmeno stoWhietree [24]. H
megalÔterh suneisfor thc sugkekrimŁnhc ergas—ac e—nai h eisagwg  enìc mhqanikoÔ
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Sq ma 1.5: Emporik prosjetik qŁria. a. BeBionic, b. iLimb , g. Vincent Hand, d.
Michelangelo.
epilogŁa pou d—nei thn dunatìthta na epilegoÔn dÔo diaforetiko— tÔpoi arpghc kai
mia qeironom—a. Gia ton periorismì thc k—nhshc twn daqtÔlwn anaptÔqjhke Łnac mh-
qanikìc epilogŁac tri‚n jŁsewn. O mhqanikìc epilogŁac Łqei katllhlh gewmetr—a
‚ste na epitrŁpei   na perior—zei thn k—nhsh sugkekrimŁnwn daqtÔlwn. Jewr jhke
apì touc suggrafe—c pwc me autì ton trìpo kalÔptetai h pleioyhf—a twn arpag‚n
antikeimŁnwn pou pragmatopoioÔn oi njrwpoi kajhmerin.
1.2.2 Emporik prosjetik qŁria
To BeBionic kataskeuzetai apì thn Steepersto Leedsthc Aggl—ac. To suno-
likì tou broc tou kuma—netai metaxÔ 495 Łwc 539g. Oi diastseic tou kuma—nontai
gia to m koc tou qerioÔ apì 190 Łwc 200 mm, gia to pltoc tou qerioÔ apì 84 Łwc
92 mm kai to pqoc tou qerioÔ e—nai 50mm.
H Ôparxh diaforetik‚n diastsewn ofe—letai sthn prospjeia tou kataskeuast 
na dhmiourg sei proswpopoihmŁna prosjetik mŁlh. O arijmìc twn arjr‚sewn tou
prosjetikoÔ mŁlouc e—nai 11, oi bajmo— eleujer—ac tou e—nai 6 kai qrhsimopoie— 5 h-
lektrikoÔc epenerghtŁc. H eggÔc flagga kje daqtÔlou e—nai enia—a me thn pw
flagga, sunep‚c gia ta dqtula de—kthc, mŁsoc, parmesoc kai mikrìc oi arjr‚seic
tou rompotikoÔ qerioÔ mei‚nontai se 8 ant— gia 15 pou uiojete— to anjr‚pino qŁri. O
ant—qeirac epitugqnei thn ant—jesh tou mhqanik sthn jŁsh pou epijume— o qr sthc
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kai Łqei 2 bajmoÔc eleujer—ac stic arjr‚seic pw mesofalaggik  kai metakarpio-
falaggik . ’Epeita, dedomŁnou ìti o qr sthc mpore— na elŁgxei muohlektrik kje
dqtulo xeqwrist kaj‚c kai thn ant—jesh tou ant—qeira, jewroÔme pwc to qŁri Łqei
sunolik 6 bajmoÔc eleujer—ac.
Sq ma 1.6: Prosjetikì qŁri BeBionic thc Steeper. Phg : [20].
To iLimb Ultra kataskeuzetai apì thn TouchBionics sto Livingston thc Skw-
t—ac. To sunolikì tou broc tou kuma—netai metaxÔ 460 Łwc 465g. Oi diastseic
kuma—nontai gia to m koc tou qerioÔ apì 180 Łwc 182mm, gia to pltoc tou qerioÔ
apì 75 Łwc 80 mm kai to pqoc tou qerioÔ apì 35 Łwc 41 mm.
Sq ma 1.7: Prosjetikì qŁri iLimb Ultra thc TouchBionics. Phg : [21].
Ta upìloipa qarakthristik twn arjr‚sewn, twn bajm‚n eleujer—ac kai twn
hlektrik‚n epenerght‚n tou iLimb e—nai parìmoia me aut touBeBionic pou peri-
grfhkan parapnw.
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1.3 Dom  thc diplwmatik c
Sthn paroÔsa diplwmatik  ergas—a analÔetai h sqed—ash kai kataskeu  enìc an-
jrwpomorfikoÔ rompotikoÔ qerioÔ. Arqik, or—zoume tic apait seic tou probl matoc
sthn enìthta 2.1. Sthn sunŁqeia, kajor—zoume thn epijumht  leitourgikìthta, prokei-
mŁnou na epitugqnetai plhj‚ra kajhmerin‚n arpag‚n se mh domhmŁna peribllonta.
’Epeita, meletme thn epilog  twn ulik‚n ‚ste na Łqei qamhlì broc, na diathre—
uyhl ep—peda stibarìthtac kai parllhla na e—nai oikonomik  kataskeu .
Sthn sunŁqeia, sthn enìthta 2.2 or—zoume touc periorismoÔc kataskeu c tou an-
jrwpomorfikoÔ rompotikoÔ qerioÔ bsh twn apait sewn pou Łqoun oriste—. Arqik,
g—netai prosektik  epilog  twn bajm‚n eleujer—ac pou Łqei to rompotikì qŁri. ’Uste-
ra, idia—terh shmas—a d—netai sthn melŁth tou ant—qeira, kaj‚c e—nai sto pio shmantikì
kai sÔnjeto dqtulo sto anjr‚pino qŁri. ’Epeita, or—zoume touc periorismoÔc sqed—a-
shc kai kataskeu c tou ant—qeira sto rompotikì qŁri kai g—netai melŁth me—wshc twn
trib‚n sto sÔsthma periŁlixhc tŁnonta, pou metafŁrei thn k—nhsh apì ton hlektrikì
epenerght  sta dqtula.
Sthn enìthta 2.3 lambnoume sqediastikŁc apofseic kai or—zoume paradoqŁc gia
to anjrwpomorfikì rompotikì qŁri, bsh twn apait sewn kai twn periorism‚n pou
proŁkuyan. Arqik, dhmiourgoÔme to pl rec kinhmatikì montŁlo tou rompotikoÔ qe-
rioÔ. Met, or—zoume thn akrib  jŁsh kai ta qarakthristik tou mhqanismoÔ tou an-
t—qeira qrhsimopoi‚ntac iatrikoÔc elŁgqouc, thn ant—strofh kinhmatik  kai melŁtec
taxinìmhshc arpag‚n antikeimŁnwn. ’Epeita, sqedizoume ton diaforikì mhqanismì
metdoshc thc k—nhshc. Akolouje—, sthn enìthta 2.4 h sqed—ash tou tridistatou
montŁlou tou anjrwpomorfikoÔ rompotikoÔ qerioÔ. Ep—shc, parousizetai h parame-
tropo—hsh tou sqed—ou kaj‚c kai oi trìpoi kataskeu c tou rompotikoÔ qerioÔ.
Sto keflaio 3 exakrib‚netai mŁsw peiramatik c diadikas—ac h leitourgikìthta
tou sunìlou thc kataskeu c tou anjrwpomorfikoÔ rompotikoÔ qerioÔ. Ep—shc, exe-
tzoume thn leitourgikìthta tou diaforikoÔ mhqanismoÔ epilektik c emplok c kaj‚c
kai thn ikanìthta tou qerioÔ na epitugqnei arpgec kajhmerin‚n antikeimŁnwn. Gia
thn leitourgikìthta tou diaforikoÔ mhqanismoÔ, sthn enìthta 3.1, parousizontai
diagrmmata dÔnamhc twn daqtÔlwn se sqŁsh me thn anhgmŁnh grammik  metatìpish
tou diaforikoÔ mhqanismoÔ. Sthn enìthta 3.2 exetzetai h ikanìthta tou anjrwpomor-
fikoÔ rompotikoÔ qerioÔ na epitugqnei arpgec diafìrwn, kajhmerin‚n antikeimŁnwn.
AkoloujoÔn dÔo parart mata. Sto Parrthma Aþ parousizetai h prwtoboul—a





Oi apait seic pou prokÔptoun gia thn dhmiourg—a tou rompotikoÔ qerioÔ e—nai po-
ludistatec. Arqik to rompotikì qŁri prŁpei na e—nai paremferŁc me to anjr‚pino
qŁri, dhlad  na diakr—netai apì uyhlì de—kth anjrwpomorfikìthtac. ’Epeita, h ka-
taskeu  ofe—lei na qarakthr—zetai apì qamhlì broc. Sthn sunŁqeia, jewr jhke
skìpimo to rompotikì qŁri na apart—zetai apì ulik pou na mporoÔn na brejoÔn e-
Ôkola kai me qamhlì kìstoc sthn agor. TŁloc, h pio shmantik  apa—thsh, e—nai h
leitourgikìthta tou rompotikoÔ qerioÔ pou ja to kajist ikanì na epitÔqei mŁgisto
arijmì arpag‚n antikeimŁnwn.
2.1.1 Anjrwpomorfismìc
Gia na exasfal—soume ton bŁltisto bajmì anjrwpomorfikìthtac qrhsimopoioÔme
tic sqŁseic pou or—zoun to jewrhtikì montŁlo tou qerioÔ [3]. Sthn sunŁqeia, exa-
sfal—zoume thn anjrwpomorfik  sqed—ash prosdior—zontac to m koc twn falagg‚n
twn daqtÔlwn kaj‚c kai tic jŁseic kai prosanatolismoÔc twn bsewn twn daqtÔlwn.
Ta anjr‚pina dqtula de—kthc, mŁsoc, parmesoc kai mikrìc Łqoun 3 flaggec
to kajŁna, en‚ o ant—qeirac Łqei 2 flaggec. EpiplŁon, o ant—qeirac diajŁtei 3
kìkkala eswterik thc palmhc pou summetŁqoun sthn leitourg—a tou kai den mporoÔn
na prosdioristoÔn wc proc thn jŁsh touc. Paraktw parat—jentai oi p—nakec 2.1,
2.2, 2.3, 2.4, 2.5 pou perigrfoun ta m kh twn falagg‚n kaj‚c kai tic jŁseic kai
prosanatolismoÔc twn bsewn twn daqtÔlwn. To arqikì sÔsthma suntetagmŁnwn
tou qerioÔ prosdior—zetai sto mŁso thc rjrwshc tou agk‚na. O xonac Q xekinei
apì to tr—to metakrpio kai e—nai suneujeiakìc me ton mŁso. O xonac Z proekte—netai
ston agk‚na me kateÔjunsh thn wlŁnh.
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Ant—qeirac
Flagga M koc ( mm )
Pr‚th 0.196  HL
DeÔterh 0.158  HL
P—nakac 2.1: M kh falagg‚n ant—qeira.
De—kthc
Flagga M koc ( mm )
Pr‚th 0.245  HL
DeÔterh 0.143  HL
Tr—th 0.097  HL
P—nakac 2.2: M kh falagg‚n de—kth.
MŁsoc
Flagga M koc ( mm )
Pr‚th 0.266  HL
DeÔterh 0.170  HL
Tr—th 0.108  HL
P—nakac 2.3: M kh falagg‚n mŁsou.
Parmesoc
Flagga M koc ( mm )
Pr‚th 0.244  HL
DeÔterh 0.165  HL
Tr—th 0.107  HL
P—nakac 2.4: M kh falagg‚n parmesou.
Mikrìc
Flagga M koc ( mm )
Pr‚th 0.204  HL
DeÔterh 0.117  HL
Tr—th 0.093  HL
P—nakac 2.5: M kh falagg‚n mikroÔ.
Apì tic anjrwpometrikŁc statistikŁc melŁtec prosdior—zoume thn jŁsh twn bse-
wn twn daqtÔlwn de—kthc, mŁsoc, parmesoc kai mikrìc. H jŁsh tou ant—qeira den
akolouje— kanonik  katanom , gia autì Łgine epilog  me lla krit ria pou ja anaptu-
qjoÔn sthn upoenìthta 2.3.2. Ston p—naka 2.6 parat—jentai oi jŁseic twn tessrwn
daqtÔlwn sto kartesianì q‚ro.
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Dqtula ’Axonac Q ’Axonac U
De—kthc 0.447  HL -0.251  HB
MŁsoc 0.446  HL 0
Parmesoc 0.409  HL 0.206  HB
Mikrìc 0.368  HL 0.402  HB
P—nakac 2.6: JŁsh (Q,Z) bsewn daqtÔlwn.
H fusiolog—a tou anjr‚pinou qerioÔ analÔetai sta [25, 26], ìpou prosdior—zetai
h fusik  jŁsh twn daqtÔlwn ìtan to qŁri br—sketai se hrem—a. Ep—shc, apì thn
fusik  jŁsh mpore— na exaqje— o arqikìc prosanatolismìc twn daqtÔlwn de—kth,
mŁsou, parmesou kai mikroÔ. Gia lìgouc poluplokìthtac, den analÔetai h epilog 
prosanatolismoÔ tou ant—qeira kaj‚c ja anaferje— ekten‚c sthn upoenìthta 2.3.2.
2.1.2 Elafr kataskeu 
To anjr‚pino qŁri zug—zei kat mŁso ìro, apì ton karpì kai Łpeita, qwr—c na
upolog—zontai oi ekteinìmenoi muc tou p qh, 400g [27]. PolÔ shmantikìc pargon-
tac gia thn a—sjhsh tou brouc e—nai o trìpoc prìsdeshc twn prosjetik‚n mel‚n
sto nw kro. Ep—shc, to broc tou prosjetikoÔ mŁlouc epibarÔnei arket touc
qr stec, me apotŁlesma na mhn mporoÔn na to qrhsimopoi soun kajìlh thn dir-
keia thc hmŁrac. Parìlo pou oi ereunhtŁc kinoÔntai sthn kateÔjunsh dhmiourg—ac
oloklhrwmŁnwn lÔsewn ston trìpo prìsdeshc twn prosjetik‚n qeri‚n [28], jew-
r jhke dedomŁno pwc h elafr kataskeu  tou prosjetikoÔ mŁlouc ja suneisfŁrei
sthn me—wsh thc kìpwshc tou qr sth.
Den uprqei sugkekrimŁnoc periorismìc sqetik me to mŁgisto broc pou prŁpei
na Łqei Łna prosjetikì mŁloc. Ax—zei na anaferje— pwc kpoiec Łreunec prote—noun
mŁgisto broc qerioÔ ta 400 g, llec jŁtoun wc proapaitoÔmeno to sÔnolo tou qerioÔ
sumperilambanomŁnou tou anjrwpomorfikoÔ gantioÔ na mhn uperba—nei ta 370g kai
tŁloc llec omdec or—zoun wc epitreptì ìrio brouc ta 500 g [29].
Gia thn me—wsh tou brouc tou rompotikoÔ qerioÔ ja qrhsimopoi soume ton mi-
krìtero dunatì arijmì hlektrik‚n epenerght‚n. Sunep‚c, to upoepenergoÔmeno qŁri
ja leitourge— me Łna hlektrikì epenerght  o opo—oc ja metafŁrei thn k—nhsh se 14
arjr‚seic. Gia na epiteuqje— h sugkekrimŁnh apa—thsh, Łgine qr sh enìc diaforikoÔ
mhqanismoÔ me mprec pou metafŁrei thn k—nhsh sta dqtula de—kth, mŁso, parmeso
kai mikrì. O diaforikìc mhqanismìc analÔetai ekten‚c sthn upoenìthta 2.3.3.
Ep—shc, shmantikìc pargontac me—wshc tou brouc e—nai to ulikì kataskeu c.
Gia autì ton lìgo epilŁxame ulik pou afenìc e—nai elafri, dhlad  Łqoun mikr  pu-
knìthta, all afetŁrou Łqoun ikanopoihtikŁc mhqanologikŁc idiìthtec. Ta ulik pou
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qrhsimopoi jhkan e—nai jermoplastikì ABS (akrulonitr—lio boutadiŁnio sturŁnio)
 /kai difano jermoplastikì Plexiglas(polumejakrulikì mejÔlio). Paraktw para-
t—jentai o p—nakac 2.7 me tic kÔriec mhqanologikŁc idiìthtec twn ulik‚n kataskeu c.
Idiìthtec Jermoplastikì ABS Plexiglas
Puknìthta ( g=cm3) 1.04 1.19
Sklhrìthta R 110 M 94
MŁtro Elastikìthtac ( GPa ) 2.3 2.8
Lìgoc Poisson 0.39 0.35
P—nakac 2.7: MhqanologikŁc idiìthtecABS kai Plexiglas.
Shmantikì pleonŁkthma twn parapnw ulik‚n e—nai pwc mporoÔn na qrhsimopoih-
joÔn se mejìdouc taqe—ac kataskeu c protÔpwn. To jermoplastikì ABS dÔnatai na
qrhsimopoihje— se teqnolog—ec t gmatoc stereoÔ ulikoÔ kai pio sugkekrimŁna kata-
skeu  me enapìjesh t gmatoc ( 3D printing ). Shmei‚netai pwc ta teleuta—a qrìnia,
h eure—a exŁlixh parìmoiwn teqnologi‚n anoiqtoÔ k‚dika [30] Łqei mei‚sei arket
to kìstoc agorc enìc tridistatou ektupwt . To jermoplastikì Plexiglas mpore—
na qrhsimopoihje— kai se mhqanŁc kop c melas r. MeionŁkthma aut c thc katerga-
s—ac e—nai pwc h sqed—ash ja prŁpei na e—nai didistath, gegonìc pou auxnei thn
poluplokìthta sunarmolìghshc kai mei‚nei thn stibarìthta thc kataskeu c.
2.1.3 Leitourgikìthta
To rompotikì qŁri prŁpei na pragmatopoie— epituqe—c arpgec me shmantikì arijmì
antikeimŁnwn pou qrhsimopoie— o njrwpoc sthn kajhmerinìthta tou. ’Epeita, prŁpei
aut  h allhlep—drash me to peribllon na mhn prokale— zhmiŁc   fjorŁc sta antike-
—mena kai ston rompotikì mhqanismì. ’Ena llo shmantikì stoiqe—o e—nai na diathre—tai
h stibarìthta tou qerioÔ ìtan allhlepidr me to peribllon.
Gia touc parapnw lìgouc, epilŁxame arjr‚seic me pajhtik  upoqwrhtikìth-
ta [31, 32]. H pajhtik  upoqwrhtikìthta, pou epitugqnetai mŁsw elathr—wn, kai
ìqi aisjht rwn, prosfŁrei pra poll pleonekt mata pou den mporoÔn na epiteuqjo-
Ôn me Łlegqo thc duskamy—ac touc. H pajhtik  upoqwrhtikìthta mac exasfal—zei
thn anptuxh mikr‚n dunmewn epaf c kaj‚c epitrŁpei thn anptuxh meglwn pa-
rekkl—sewn twn arjr‚sewn. ’Etsi, mei‚nontai aisjht oi diataraqŁc pou mpore— na
prokalŁsoun, akìma kai katastrof  tou antikeimŁnou, ìtan o Łlegqoc duskamy—ac
apotÔqei. H exleiyh twn aisjht rwn pou apaitoÔntai sthn energhtik  upoqwrhti-
kìthta mpore— na odhg sei se aisjht  me—wsh tou kìstouc kataskeu c. Ideat, o
analutikìc sqediasmìc tou rompotikoÔ qerioÔ perilambnei beltistopo—hsh thc ka-
taskeu c pou mpore— na odhg sei akìma kai sthn exleiyh tou paradosiakoÔ, basi-
smŁnou se aisjht rec, elŁgqou.
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Parllhla, me thn qr sh elastik‚n arjr‚sewn diathre—tai qamhl to broc al-
l exakolouje— na paramŁnei apl  kai oikonomik  h kataskeu . Sunma, auxnetai
shmantik h prosarmostikìthta tou qerioÔ stic epifneiec twn antikeimŁnwn pou e-
pijumoÔme na arpxoume.
Shmantikìc pargontac sthn epidexiìthta tou qerioÔ e—nai h megistopo—hsh thc
epifneiac tou q‚rou ergas—ac twn arjr‚sewn kat thn epŁktash kmyh twn da-
qtÔlwn. Paraktw parat—jentai ta eÔrh leitourg—ac twn anjr‚pinwn arjr‚sewn pw
mesofalaggik , eggÔc mesofalaggik  kai metakarpiofalaggik  kat thn epŁktash 
kmyh [11]. To proteinìmeno rompotikì qŁri epitugqnei parìmoiouc q‚rouc ergas—ac







De—kthc 0   80  0   100  U10   90 
MŁsoc 0   80  0   100  U10   90 
Parmesoc 0   80  0   100  U20   90 
Mikrìc 0   80  0   100  U30   90 
Ant—qeirac 0   60    U15   80 
P—nakac 2.8: EÔrh leitourg—ac anjr‚pinwn daqtÔlwn an rjrwsh. To ‘Y’ anafŁretai
wc uperŁktash thc rjrwshc.
2.2 Periorismo—
Uprqoun diforoi periorismo— gia thn kataskeu  tou anjrwpomorfikoÔ rompo-
tikoÔ qerioÔ pou prokÔptoun apì tic apait seic sqed—ashc. Arqik, prŁpei na pe-
rioristoÔn oi bajmo— eleujer—ac tou ant—qeira qwr—c na meiwje— h epidexiìthta tou
rompotikoÔ qerioÔ. ’Epeita, apaite—tai na qrhsimopoihjoÔn kainotìmec diatxeic pro-
keimŁnou na e—nai leitourgikì to rompotikì qŁri me Łna mìno hlektrikì epenerght .
2.2.1 Periorismo— ant—qeira
Sthn leitourg—a tou ant—qeira summetŁqoun 5 kìkala, ta opo—a e—nai to skafoei-
dŁc, to trapezoeidŁc, to pr‚to metakrpio, h eggÔc flagga kai h pw flagga,
ìpwc fa—netai sto sq ma 2.1. Ep—shc, o ant—qeirac qrhsimopoie— 3 arjr‚seic gia
thn leitourg—a tou, thn karpometakrpia, thn eggÔc mesofalaggik  kai thn pw me-
sofalaggik . Apì autŁc tic arjr‚seic, oi dÔo pragmatopoioÔn peristrof  se duo
diaforetikoÔc xonec, ìpwc fa—netai sto sq ma 2.2, ra Łqoume 5 bajmoÔc eleuje-
r—ac gia thn leitourg—a tou ant—qeira. Gia thn eÔresh twn axìnwn peristrof c tou
ant—qeira Łqoun anaptuqje— difora montŁla kai mhqanismo— [33 35].






Sq ma 2.1: Kìkala ant—qeira.
Oi dunmeic pou aske— o ant—qeirac poik—lloun [33,36,37]. Apì autŁc tic melŁtec,
prokÔptei pwc h ant—drash pou aske—tai sthn karpometakrpia rjrwsh tou ant—qeira
kuma—netai apì 70 N Łwc 180 N. Parìlo pou oi dunmeic diafŁroun arket, h txh
megŁjouc e—nai polÔ meglh. Sunep‚c, jewre—tai s—gouro pwc h karpometakrpia
rjrwsh paralambnei polÔ megla fort—a. Gia autì ton lìgo, epilŁxame rjrwsh
stajeroÔ xona peristrof c se sqŁsh me elastik  rjrwsh gia thn karpometakrpia
rjrwsh.
H leitourg—a tou ant—qeira e—nai h pio shmantik  apì ìla ta upìloipa dqtula.
’Omwc, h poluplokìthta leitourg—ac, h sÔnjeth kataskeu  tou kai h asfeia twn mh-
qanik‚n sqŁsewn pou ton diŁpoun, kajistoÔn adÔnath thn leitourg—a tou rompotikoÔ
ant—qeira me ton —dio trìpo. Gia touc parapnw lìgouc, pragmatopoi same diforec
paradoqŁc prokeimŁnou na exasfaliste— sto akŁraio h efarmog  tou sto rompotikì
qŁri. Oi paradoqŁc analÔontai peraitŁrw sthn upoenìthta 2.3.2.
2.2.2 EpenerghtŁc kai sÔsthma periŁlixhc tŁnonta
H qr sh enìc epenerght  gia 14 arjr‚seic kajist thn sqed—ash exairetik po-
lÔplokh kaj‚c prŁpei na perioriste— shmantik h apaitoÔmenh rop . Den ja e—qe nìh-
ma na qrhsimopoihje— Łnac polÔ megloc epenerght c pou to broc kai oi diastseic
tou ja  tan parìmoiec me 3 hlektrikoÔc epenerghtŁc. Gia autoÔc touc lìgouc, perio-
r—zoume tic tribŁc pou dhmiourgoÔntai apì to sÔsthma periŁlixhc tŁnonta.
Ep—shc, g—netai qr sh duo xeqwrist‚n susthmtwn periŁlixhc kaj‚c kr—name a-
nagka—o na uprqei diaforetikìc lìgoc k—nhshc twn daqtÔlwn de—kth, mŁsou, pa-
rmesou, mikroÔ se sqŁsh me ton ant—qeira gia thn —dia peristrof  tou hlektrikoÔ
epenerght . Oi lìgoi pou mac od ghsan sthn parapnw apìfash analÔontai sthn
upoenìthta 2.3.2.
2.2 Periorismo— 29




Sq ma 2.2: Bajmo— eleujer—ac ant—qeira.
H metdosh thc k—nhshc apì ton epenerght  sta dqtula g—netai me dÔo sust ma-
ta periŁlixhc tŁnonta. Pio sugkekrimŁna, o hlektrikìc epenerght c peristrŁfetai
kai tul—gei Łna enisqumŁno n ma (Dyneema) pou oi idiìthtec tou analÔontai sthn
upoenìthta 2.4.3. Sunep‚c, h peristrof  tou hlektrikoÔ epenerght  prokale— mia
grammik  metatìpish sto n ma, h opo—a metafŁretai sthn koruf  twn daqtÔlwn mŁsw
troqali‚n, diaforikoÔ mhqanismoÔ kai swl nwn qamhl c trib c. H grammik  meta-
tìpish me thn seir thc, prokale— dÔnamh sto nw kro tou daqtÔlou pou wje— tic
elastikŁc arjr‚seic na peristrafoÔn. H epanafor twn arjr‚sewn sthn arqik 
touc jŁsh g—netai mŁsw elastik‚n mer‚n (pou droun wc ektatiko— tŁnontec), efìson
stamat soun na askoÔntai dunmeic, epanafŁrontac ton hlektrikì epenerght  sthn
arqik  tou jŁsh [31,38].
Gia na exasfal—soume tic mikrìterec dunatŁc ap‚leiec pragmatopoi jhke katl-
lhlh melŁth gia thn sqed—ash tou anjrwpomorfikoÔ rompotikoÔ qerioÔ kai thn to-
pojŁthsh twn troqali‚n. Pio sugkekrimŁna gia mia troqal—a isqÔei o nìmoc tou
Eytelwein:
FA = FB  e   (2.1)
Ta megŁjh tic sqŁshc 2.1 pou parousizontai sto sq ma 2.3 e—naiFB h efar-
mozìmenh dÔnamh (N),FA h dÔnamh diŁgershc sthn troqal—a (N), o suntelest c
trib c pou prokÔptei empeirik kai  h sunolik  gwn—a epaf c tou n matoc me thn
troqal—a (rad). Gia na megistopoihje— hFB prŁpei na elaqistopoihje— o ekjetikìc
ìroc e   , dhlad  prŁpei o ekjŁthc na g—nei elqistoc.
   = [   (    )]min (2.2)
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ββ
Sq ma 2.3: Anaparstash megej‚n gia thn k—nhsh troqal—ac.
’Ara, prŁpei h gwn—a na megistopoihje— se ìlec tic troqal—ec, dedomŁnou ìti o
suntelest c trib c paramŁnei stajerìc. Sunep‚c, gia na exasfal—soume thn mŁgi-
sth metafor dÔnamhc mŁsw twn troqali‚n ja prŁpei h sunolik  gwn—a epaf c tou
n matoc  na e—nai elqisth.
2.3 EpilogŁc
Apì tic apait seic tou rompotikoÔ qerioÔ proŁkuyan kpoioi kataskeuastiko— pe-
riorismo— oi opo—oi prŁpei na antimetwpistoÔn. Gia autì ton lìgo, pragmatopoi same
sugkekrimŁnec paradoqŁc kai uiojet same ant—stoiqec epilogŁc ‚ste na kataste— h
kataskeu  pl rwc leitourgik . Arqik, dhmiourg jhke to kinhmatikì montŁlo tou qe-
rioÔ, or—same thn akrib  jŁsh tou ant—qeira kai sqedisame Łna odontwtì mhqanismì
sÔmplexhc gia thn k—nhsh thc ant—jeshc. ’Epeita, sqedisame Łna diaforikì mhqa-
nismì epilektik c emplok c pou bas—sthke ston mhqanismì tou Whietree . TŁloc,
epilŁxame katllhla elastik arjr‚sewn prokeimŁnou na ikanopoie—tai to iatrikì
test tou Kapandji.
2.3.1 Kinhmatikì montŁlo
O sunolikìc k‚dikac tou kinhmatikoÔ montŁlou thc MATLAB [39] me odhg—ec
qr shc diat—jetai eleÔjera sto [40]. Shmei‚netai pwc gia thn eÔresh tou kinhmatikoÔ
montŁlou Łgine qr sh tou Robotics Toolbox [41]. H anaparstash tou kinhmatikoÔ
montŁlou g—netai sÔmfwna me tic odhg—ec pou perigrfontai sto [42].
Gia lìgouc anaparstashc epilŁxame m koc qerioÔ HL = 185 mm kai pltoc qe-
rioÔ HB = 90 mm kaj‚c autŁc e—nai oi diastseic tou suggrafŁa. Gia to dqtulo
tou de—kth, sÔmfwna me ta stoiqe—a pou Łqoume, o p—nakacDenavitHartenberg pa-
rousizetai ston p—naka 2.9. Parìmoia stoiqe—a prokÔptoun gia ta upìloipa dqtula
mŁso, parmeso kai mikrì.
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Arjr‚seic
 i (  ) di (mm) ai (mm)  i (  )
Metakarpiofalaggik  q1 0 45.325 0
EggÔc mesofalaggik  q2 0 26.455 0
’Apw mesofalaggik  q3 0 17.945 0
P—nakac 2.9: Stoiqe—aDH gia ton de—kth.
2.3.2 EpilogŁc ant—qeira
’Opwc anafŁrjhke sthn upoenìthta 2.2.1 o ant—qeirac e—nai to pio shmantikì
dqtulo tou anjr‚pinou qerioÔ, gia autì dìjhke idia—terh Łmfash sthn sqed—ash tou.
Arqik, o anjr‚pinoc ant—qeirac Łqei pŁnte bajmoÔc eleujer—ac all ja ulopoihjoÔn
mìno oi treic, ìsec dhlad  e—nai kai oi arjr‚seic.
Gia thn karpometakrpia rjrwsh, dedomŁnou ìti paralambnei polÔ megla for-
t—a, epilŁxame rjrwsh stajeroÔ xona peristrof c ant— gia elastik  rjrwsh. ’E-
peita, gia lìgouc stibarìthtac epilŁxame diakritì odontwtì mhqanismì gia thn k—nhsh
ant—jeshc tou ant—qeira, o opo—oc apemplŁketai me thn p—esh enìc mhqanismoÔ kai em-
plŁketai mhqanik me elat rio. H pw mesofalaggik  rjrwsh ja ektele— thn k—nhsh
epŁktash kmyh me elastik  rjrwsh. Gia thn eggÔc mesofalaggik  epilŁxame na
ulopoihje— h k—nhsh epŁktash kmyh me elastik  rjrwsh, prokeimŁnou oi xonec
peristrof c twn elastik‚n arjr‚sewn na e—nai parllhloi.
EpilŁxame ta dqtula mac na ekteloÔn mìno kin seic epŁktashc kmyhc kaj‚c oi
sqetikŁc arjr‚seic perigrfontai wc oi pio shmantikŁc gia thn kajhmerin  arpgh
antikeimŁnwn [43]. Pio sugkekrimŁna, apodeiknÔetai pwc gia to 80% twn antikeimŁnwn
pou epiqeiroÔme na arpxoume kajhmerin to anjr‚pino qŁri qrhsimopoie— mìno 2
sunŁrgeiec. Se autŁc tic sunŁrgeiec h suneisfor twn arjr‚sewn epŁktashc kmyhc
e—nai polÔ megalÔterh apì autŁc thc apagwg c-prosagwg c tou ant—qeira.
AfoÔ epilŁqthkan oi tÔpoi twn arjr‚sewn, prosdior—same katllhlec diastseic
kai prosanatolismì twn falagg‚n kai twn arjr‚sewn. Gia thn eÔresh touc, akolou-
j jhke h diadikas—a pou perigrfetai sto [44]. SÔmfwna me aut  thn mejodolog—a,
se per—ptwsh pou meiwjoÔn oi bajmo— eleujer—ac tou anjr‚pinou qerioÔ, prŁpei na
akoloujhje— sugkekrimŁnh diadikas—a prokeimŁnou na exasfaliste— ìti oi sqediasti-
kŁc epilogŁc den prokaloÔn me—wsh thc leitourgikìthtac tou rompotikoÔ qerioÔ. Gia
thn eÔresh thc jŁshc thc karpometakrpiac rjrwshc antl jhkan plhrofor—ec a-
pì to [3], ìpou oi apostseic apì to arqikì sÔsthma suntetagmŁnwn, ìpwc autŁc
or—sthkan sthn upoenìthta 2.1.1, parousizontai ston p—naka 2.10.
O arqikìc prosanatolismìc tou ant—qeira antikatoptr—zei to anjr‚pino qŁri se
hrem—a, ìpwc perigrfetai sto [25] kai fa—netai sto sq ma 2.4. Pio sugkekrimŁna,
epilŁqthke h eggÔc mesofalaggik  rjrwsh na Łqei arqik  kl—sh 40  .
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Sq ma 2.4: Anaparstash tou ant—qeira se hrem—a.
Dqtula ’Axonac Q ’Axonac Y
Ant—qeirac 0.073  HL 0.196  HB
P—nakac 2.10: Eswterik  jŁsh karpometakrpiac rjrwshc ant—qeira.
2.3.2.1 ’Elegqoc tou Kapandji
Ston kldo thc qeirourgik c iatrik c, gia to anjr‚pino qŁri, Łqoun anaptuqje—
gr goroi kai axiìpistoi Łlegqoi prokeimŁnou na epalhjeÔetai h epituq—a twn epem-
bsewn anapl rwshc epidexiìthtac kai kat sunŁpeia h ikanìthta gia epituq  arpgh
antikeimŁnwn. Auto— oi Łlegqoi mporoÔn na efarmostoÔn kai se rompotik qŁria.
’Enac eurŁwc diadedomŁnoc Łlegqoc, gia autŁc tic peript‚seic, e—nai o Łlegqoc tou
Kapandji [25]. O ŁlegqocKapandji e—nai mia diadikas—a pou epalhjeÔei thn prosba-
simìthta twn stoiqe—wn twn daqtÔlwn me aut thc palmhc. O Łlegqoc perilambnei
ta akìlouja b mata:
 Epaf  tou akrodqtulou tou ant—qeira me tic bseic twn metakarpiofalaggik‚n
arjr‚sewn twn daqtÔlwn de—kth, mŁsou, parmesou kai mikroÔ.
 Epaf  tou akrodaqtÔlou tou ant—qeira me ta akrodqtula twn de—kth kai mikroÔ
qwr—c na kine—tai kam—a ek twn pw mesofalaggik c kai eggÔc mesofalaggik c
rjrwshc.
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Sto sq ma 2.5 g—netai anaparstash tou ŁlegqouKapandji.
α. β.
γ. δ.
Sq ma 2.5: Anaparstash tou Łlegqou Kapandji. a. Epaf  tou akrodqtulou tou
ant—qeira me to akrodqtulo tou mikroÔ, b. Epaf  tou akrodqtulou tou ant—qeira
me to akrodqtulo tou de—kth, g. Epaf  tou akrodqtulou tou ant—qeira me thn
metakarpiofalaggik  rjrwsh tou mikroÔ, d. Epaf  tou akrodqtulou tou ant—qeira
me thn metakarpiofalaggik  rjrwsh tou de—kth.
Gia thn ulopo—hsh tou elŁgqouKapandji sto anjrwpomorfikì rompotikì qŁri qrh-
simopoi same to kinhmatikì montŁlo tou qerioÔ. Arqik, prosjŁsame sto kinhmatikì
montŁlo ta stoiqe—a tou ant—qeira pou  dh gnwr—zoume, dhlad  ta m kh thc eggÔc
kai pw flaggac. Sthn sunŁqeia, sumperilbame thn jŁsh thc karpometakrpiac
rjrwshc. ’Epeita, or—same thn arqik  kl—sh thc eggÔc mesofalaggik c rjrwshc.
H eÔresh twn upìloipwn stoiqe—wn tou ant—qeira, dhlad  to m koc tou 1ou me-
takarpia—ou kìkalou, proŁkuye apì thn ant—strofh kinhmatik  efarmìzontac ton
Łlegqo tou Kapandji. Gia thn ant—strofh kinhmatik  qrhsimopoi jhke to Roboti-
cs Toolbox [41] se peribllon MATLAB [39]. H anaparstash tou ant—strofou
kinhmatikoÔ montŁlou Łgine sÔmfwna me tic odhg—ec pou perigrfontai sto [42].
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Sto sq ma 2.6 ja topojethjoÔn ìlec oi arjr‚seic katllhla prokeimŁnou na
epiteuqje— stibar  arpgh kul—ndrou. Shmei‚netai, pwc o xonac peristrof c thc
karpometakrpiac rjrwshc tou ant—qeira den br—sketai sto —dio ep—pedo me to ep—pedo
twn upìloipwn tessrwn daqtÔlwn. Ep—shc, proŁkuye pwc to eÔroc thc karpometa-
krpiac rjrwshc, prokeimŁnou na epiteuqje— pl rwc o Łlegqoc tou Kapandji e—nai
130 .
Sq ma 2.6: Anaparstash ìlwn twn daqtÔlwn tou rompotikoÔ qerioÔ kat thn ar-
pgh enìc kul—ndrou.
2.3.2.2 Kl—sh axìnwn peristrof c arjr‚sewn
’Opwc anafŁrjhke sthn upoenìthta 2.3.2.1, o ant—qeirac tou anjrwpomorfikoÔ
rompotikoÔ qerioÔ, diajŁtei 3 bajmoÔc eleujer—ac se sqŁsh me touc 5 bajmoÔc e-
leujer—ac tou anjr‚pinou qerioÔ. H me—wsh twn bajm‚n eleujer—ac tou rompotikoÔ
qerioÔ se sqŁsh me to anjr‚pino endŁqetai na prokalŁsei fainìmena epikluyhc da-
qtÔlwn kat thn arpgh antikeimŁnwn. Ta sugkekrimŁna fainìmena parousizontai
ìtan ta dqtula de—kthc, mŁsoc, parmesoc kai mikrìc epikalÔptontai metaxÔ touc
kat thn arpgh antikeimŁnwn, en‚ gia ton ant—qeira ìtan to akrodqtulo tou den
aske— kjeta dunmeic kat thn isqur  arpgh kulindrik‚n antikeimŁnwn. Gia na pe-
rior—soume ta fainìmena epikluyhc metaxÔ twn daqtÔlwn, pragmatopoi same dokimŁc
arpghc sto kinhmatikì montŁlo ìpwc perigrfontai sto [44]. Oi dokimŁc Łginan gia
dÔo sugkekrimŁnouc tÔpouc arpghc:
 Arpgh lept‚n antikeimŁnwn me ton ant—qeira kai ton de—kth.
 Isqur  arpgh kulindrik‚n antikeimŁnwn.
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To fainìmeno thc epikluyhc daqtÔlwn exale—fjhke pl rwc prosjŁtontac arqik 
kl—sh sthn karpometakrpia rjrwsh 7  . Ep—shc, me thn arqik  kl—sh parathr jhke
kalÔterh topojŁthsh daqtÔlwn kat thn isqur  arpgh kulindrik‚n antikeimŁnwn.
2.3.2.3 Taxinìmhsh tÔpwn arpag‚n
’Opwc anafŁrjhke sthn upoenìthta 2.2.1, h ant—drash pou aske—tai sthn karpo-
metakrpia rjrwsh kuma—netai apì 70 N Łwc 180 N. Parìlo pou oi dunmeic parou-
sizoun meglh apìklish an melŁth, e—nai s—gouro pwc h karpometakrpia rjrwsh
paralambnei megla fort—a. Gia autì ton lìgo, epilŁxame rjrwsh stajeroÔ xona
peristrof c, ant— gia elastik  rjrwsh. Ep—shc, gia lìgouc stibarìthtac epilŁqth-
ke diakritìc odontwtìc mhqanismìc sÔmplexhc. O odontwtìc mhqanismìc emplŁketai
mhqanik me elat rio kai apemplŁketai me thn p—esh enìc moqloÔ. H epilog  tou arij-
moÔ twn diakrit‚n jŁsewn tou odontwtoÔ mhqanismoÔ thc karpometakrpiac rjrw-
shc Łgine bsei melet‚n taxinìmhshc arpag‚n antikeimŁnwn pou ekteloÔn kajhmerin
oi njrwpoi. Pio sugkekrimŁna qrhsimopoi jhke taxinìmhsh arpag‚n antikeimŁnwn
pou bas—zetai, sto pio shmantikì dqtulo tou anjr‚pinou qerioÔ, ston ant—qeira [6].
Sunep‚c, prokr—jhke h diakritopo—hsh tou odontwtoÔ mhqanismoÔ emplok c tou an-
t—qeira me ennŁa jŁseic. Oi ennŁa diaforetikŁc jŁseic exasfal—zoun pwc to rompotikì
qŁri epitugqnei ton mŁgisto arijmì arpag‚n antikeimŁnwn pou ektele— kajhmerin to
anjr‚pino qŁri.
2.3.3 Diaforikìc mhqanismìc
Met apì qrìnia ereun‚n pnw se sÔnjeta, pl rwc arjrwt anjrwpomorfik
qŁria oi ereunhtŁc kinoÔntai sthn kateÔjunsh aplopo—hshc kataskeu‚n me prosektik 
epilog  susthmtwn zeÔxhc arjr‚sewn, ‚ste na meiwje— o sunolikìc arijmìc twn
epenerght‚n kai thc sunolik c poluplokìthtac tou rompotikoÔ qerioÔ. ’Etsi, Łqoun
kataskeuaste— poll upoepenergoÔmena rompotik qŁria, ta opo—a Łqoun ligìterouc
kinht rec apì bajmoÔc eleujer—ac kai qarakthr—zontai wc idio prosarmostik. Se
Łna upoepenergoÔmeno qŁri h k—nhsh thc pw flaggac mpore— na suneqiste— akìma
kai met thn epaf  twn prohgoÔmenwn falagg‚n tou daqtÔlou, Łwc ìtou to dqtulo
prosarmoste— pajhtik sto antike—meno.
Oi parapnw klseic qeri‚n e—nai pio oikonomikŁc sthn kataskeu  touc kai pio
elafrŁc, dedomŁnou pwc Łqoun ligìterouc epenerghtŁc. ’Ena rompotikì qŁri me meiw-
mŁno arijmì epenerght‚n e—nai eukolìtero sthn qr sh kai katallhlìtero gia arpgh
antikeimŁnwn se mh-domhmŁna peribllonta. H upoepenerghtikìthta epitugqnetai me
thn qr sh diaforik‚n mhqanism‚n oi opo—oi prosarmìzontai stic parapnw prodia-
grafŁc. Oi diaforiko— mhqanismo— apoteloÔntai apì mprec, ìpwc toWhietree [45],
apì troqal—ec   apì ton sunduasmì touc pou anafŁrontai wc ubridik sust mata [32].
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α. β.
Sq ma 2.7: Diaforiko— mhqanismo—. a.Seesawmhqanismìc , b. Ubridikìc mhqanismìc.
Se arket anjrwpomorfik rompotik qŁria qrhsimopoioÔntai diaforiko— mhqani-
smo— gia na kin soun ta dqtula pou bas—zontai stoWhietree [13,14]. Se autŁc tic
peript‚seic qrhsimopoioÔntai treic mprec. H mpra 1, gia thn metafor thc k—nhshc
sta dqtula de—kth & mŁsou, h mpra 2, gia thn metafor thc k—nhshc sta dqtula
parmesou & mikroÔ kai h mpra 3, pou sundŁei tic mprec 1 & 2 me ton hlektrikì
epenerght .
Sto sq ma 2.7 parat—jentai mhqanismo— k—nhshc rompotik‚n qeri‚n pou qrhsimo-
poioÔntai eurŁwc [13 16,32,45]. O diaforikìc mhqanismìc epilektik c emplok c pou
prote—noume perior—zei thn k—nhsh twn daqtÔlwn de—kthc, mŁsoc, parmesoc kai mikrìc
me thn epilog  enìc mhqanikoÔ suzeÔkth. Autì epitugqnetai me thn dhmiourg—a op‚n
stic mprec 1 & 2 prokeimŁnou na emplŁketai o mhqanikìc suzeÔkthc ston diaforikì
mhqanismì, ìpwc fa—netai sto sq ma 2.8. Sunep‚c, mpore— na epiteuqje— epilektik,
dŁsmeush thc k—nhshc tou daqtÔlou pou epijume—tai. Me aut  thn tropopo—hsh dÔna-
tai na epilegoÔn 24 = 16 diaforetiko— sunduasmo— k—nhshc daqtÔlwn me thn qr sh
enìc hlektrikoÔ epenerght  kai tessrwn mhqanik‚n suzeukt‚n.
Lambnontac upìyh tic 9 diakritŁc jŁseic pou mpore— na topojethje— o ant—qeirac
kai se sunduasmì me touc 16 diaforetikoÔc sunduasmoÔc twn upìloipwn daqtÔlwn,
katal goume se 144 arpgec pou mporoÔn na kalÔyoun eure—a gkma kajhmerin‚n
anagk‚n.
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Επενεργητής
Sq ma 2.8: Diaforikìc mhqanismìc epilektik c emplok c.
2.3.4 EpilogŁc upìloipwn daqtÔlwn
To anjrwpomorfikì rompotikì qŁri diajŁtei 15 bajmoÔc eleujer—ac, ìpou 3 baj-
mo— eleujer—ac antistoiqoÔn gia kje dqtulo. Ektìc apì thn karpometakrpia r-
jrwsh tou ant—qeira, pou or—sthke wc rjrwsh stajeroÔ xona peristrof c, ìlec
oi upìloipec e—nai elastikŁc arjr‚seic. Gia thn sqed—ash twn elastik‚n arjr‚sewn
qrhsimopoioÔntai elastik silikìnhc diaforetikoÔ pqouc [31,38,46]. Gia ton pros-
diorismì tou pqouc kje rjrwshc efarmìsthke peiramatik o Łlegqoc tou Kapandji
sto prwtìtupo anjrwpomorfikì qŁri. ’Allh mia parmetroc pou lbame upìyh  tan
to pqoc twn elastik‚n na e—nai arketì gia na metafŁrei ikanopoihtikŁc dunmeic,
‚ste na antapexŁrqetai to rompotikì qŁri se kajhmerinŁc arpgec antikeimŁnwn.
Kat thn epaf  tou anjr‚pinou qerioÔ me ta antike—mena parousizetai paramìr-
fwsh sta akrodqtula. Aut  h paramìrfwsh auxnei thn epifneia epaf c me ta
antike—mena kai exasfal—zei belt—wsh sthn epituq—a arpghc antikeimŁnwn. Gia na
ulopoi soume to parapnw qarakthristikì sta rompotik qŁria Łgine qr sh para-
morf‚simwn ulik‚n [47,48].
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Se aut  thn enìthta analÔoume thn sqed—ash kai thn kataskeu  tou anjrwpo-
morfikoÔ rompotikoÔ qerioÔ to opo—o apotele—tai apì thn palmh, ta dqtula, ton
ant—qeira kai ta perifereiak exart mata. Sthn palmh enswmat‚netai o diaforikìc
mhqanismìc, o opo—oc kine—tai eswterik thc palmhc. Sthn sunŁqeia, analÔoume thn
diadikas—a sqed—ashc ìlwn twn daqtÔlwn kai tou odontwtoÔ mhqanismoÔ tou ant—qei-
ra. Sta perifereiak exart mata an koun o hlektrikìc epenerght c, oi mhqaniko—
suzeÔktec, to sÔsthma periŁlixhc tŁnonta kai h bsh sterŁwshc tou qerioÔ.
Sq ma 2.9: Aristerì kai dex— anjrwpomorfikì rompotikì qŁri.
Oi monadikŁc parmetroi pou apaitoÔntai prokeimŁnou na parametropoihje— o sqe-
diasmìc e—nai to m koc(HL) kai to pltoc (HB) tou qerioÔ, ìpwc fa—nontai sto
sq ma 1.2. Sto sq ma 2.9 parousizetai to tridistato montŁlo gia to aristerì kai
dex—, anjrwpomorfikì rompotikì qŁri. Sto sq ma 2.10 parousizontai 2 tridistata
montŁla anjrwpomorfik‚n rompotik‚n qeri‚n me diaforetikŁc paramŁtrouc. Pio sug-
kekrimŁna apeikon—zetai tridistato sqŁdio rompotikoÔ qerioÔ diastsewn HL = 185
mm, HB = 90 mm kai llo Łna tridistato sqŁdio rompotikoÔ qerioÔ diastsewn
HL = 200 mm, HB = 100 mm.
Sqedisthkan 2 ekdìseic kataskeu c tou anjrwpomorfikoÔ rompotikoÔ qerioÔ,
didiasttec ( 2D) kai tridistatec ( 3D). H didistath Łkdosh afor kataskeu  se
mhqan  kop c laser, me jermoplastikì Plexiglas. H tridistath Łkdosh dieukolÔnei
thn kataskeu  se mhqan  enapìjeshc t gmatoc, me jermoplastikì ABS. Shmei‚netai
pwc h sqed—ash pragmatopoi jhke stoSolidworks2014 thcDassault Systems[49].
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Sq ma 2.10: DÔo diaforetik megŁjh anjrwpomorfik‚n rompotik‚n qeri‚n.
a. HL = 185 mm, HB = 90 mm, b. HL = 200 mm, HB = 100 mm.
α. β.
Sq ma 2.11: MhqanŁc pou qrhsimopoi jhkan gia thn kataskeu  tou qerioÔ. a. 3D
PrinterLulzbot TAZ 4, b. Laser cutterUniversal Laser Systems VSL3.5.
2.4.1 Sqed—ash & kataskeu  palmhc
H palmh apotele—tai apì 2 mŁrh, to nw kai to ktw mŁroc. Sto nw mŁroc thc
palmhc filoxenoÔntai oi mhqaniko— suzeÔktec, h bsh tou hlektrikoÔ epenerght  kai
to sÔsthma periŁlixhc tŁnonta gia ta dqtula de—kthc, mŁsoc, parmesoc kai mikrìc.
Sto ktw mŁroc thc palmhc filoxene—tai h bsh tou stajeroÔ xona peristrof c
thc karpometakrpiac rjrwshc kai to stajerì mŁroc tou diakritoÔ odontwtoÔ mh-
qanismoÔ tou ant—qeira. Eswterik thc palmhc kine—tai o diaforikìc mhqanismìc
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epilektik c emplok c. Paraktw, akoloujoÔn epexhghmatikŁc eikìnec thc sqed—a-
shc tou anjrwpomorfikoÔ rompotikoÔ qerioÔ, ìpwc aut  proŁkuye apì tic arqikŁc
apait seic, touc kataskeuastikoÔc periorismoÔc kai tic epilogŁc pou pragmatopoi-
 jhkan. Sto sq ma 2.12 perior—zoume thn k—nhsh twn daqtÔlwn de—kth, mikroÔ mŁsw
sÔmplexhc tou diaforikoÔ mhqanismoÔ en‚ ta dqtula mŁsoc, parmesoc kinoÔntai
kanonik.
Sq ma 2.12: Anaparstash diaforikoÔ mhqanismoÔ, ìpou me kìkkino ton—zetai to
diaforikì eswterik thc palmhc kaj‚c kai oi energopoihmŁnoi, mhqaniko— suzeÔktec.
H ditaxh me ta duo mŁrh thc palmhc, ìpou eswterik kine—tai o diaforikìc mhqa-
nismìc, jewre—tai ìti e—nai ergonomik  kai sumpag c. Arqik, h palmh katalambnei
polÔ mikrì q‚ro kaj‚c to sunolikì pqoc e—nai 12 mm. ’Epeita, me Łgkurec tropo-
poi seic epiteÔqjhke na sumperilhfje— ìloc o perifereiakìc exoplismìc. Sto sq ma
2.13, parousizetai to sunolikì pqoc thc palmhc, oi 4 mhqaniko— suzeÔktec kai o
odontwtìc mhqanismìc tou ant—qeira.
2.4.2 Sqed—ash & kataskeu  daqtÔlwn
’Ola ta dqtula apoteloÔntai apì 3 flaggec kai 3 arjr‚seic. Kje dqtulo ek
twn de—kth, mŁsou, parmesou kai mikroÔ qrhsimopoie— 3 elastikŁc arjr‚seic, en‚ o
ant—qeirac qrhsimopoie— 2 elastikŁc arjr‚seic kai mia rjrwsh stajeroÔ xona. H
analutik  sqed—ash kai kataskeu  twn daqtÔlwn perigrfetai sta [31,38,50]. Ep—shc,
gia thn anjrwpomorfik  k—nhsh twn daqtÔlwn apaitoÔntai 2 xeqwrist sust mata
periŁlixhc tŁnonta, me diaforetikoÔc lìgouc anhgmŁnhc grammik c metatìpishc, gia
dedomŁnh gwniak  jŁsh tou hlektrikoÔ epenerght .
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Sq ma 2.13: Ktoyh tridistatou sqed—ou.
O odontwtìc mhqanismìc sÔmplexhc tou ant—qeira Łqei 9 diakritŁc jŁseic, ìpwc
autŁc proŁkuyan apì thn taxinìmhsh kajhmerin‚n arpag‚n tou anjr‚pinou qerioÔ
sthn upoenìthta 2.3.2. Gia thn aposÔmplexh tou mhqanismoÔ kai thn epilog  nŁac
jŁshc apaite—tai h p—esh enìc mhqanismoÔ. H emplok  tou odontwtoÔ mhqanismoÔ sthn
epijumht  jŁsh pragmatopoie—tai mhqanik me elat rio.
Sq ma 2.14: Anaparstash daqtÔlou me 2 flaggec. Phg : [51].
Ousiastik o kinoÔmenoc mhqanismìc apotele— to pr‚to metakrpio kìkkalo. To
sÔsthma periŁlixhc tŁnonta tou ant—qeira kine—tai eswterik tou pr‚tou metakarp—ou
gia na prostateÔetai kat thn allhlep—drash tou rompotikoÔ qerioÔ me antike—mena  
genikìtera to peribllon. Sta sq mata 2.14 kai 2.15 parousizetai h sqed—ash tou
ant—qeira ìpwc proŁkuye apì tic apait seic, touc periorismoÔc kai tic epilogŁc pou
pragmatopoi jhkan.
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Sq ma 2.15: Ktw mŁroc palmhc, ìpou me kìkkino ton—zetai to pr‚to metakrpio
kìkkalo kai me k—trino o odontwtìc mhqanismìc sÔmplexhc tou ant—qeira.
2.4.3 Sqed—ash & kataskeu  perifereiak‚n exarthmtwn
Ta perifereiak exart mata pou sumplhr‚noun thn leitourg—a tou anjrwpomor-
fikoÔ rompotikoÔ qerioÔ e—nai h bsh sterŁwshc tou qerioÔ, oi mhqaniko— suzeÔktec,
h bsh tou hlektrikoÔ epenerght , o hlektrikìc epenerght c, o mikroelegkt c kai
to sÔsthma periŁlixhc tŁnonta.
Sq ma 2.16: ’Anw mŁroc palmhc ìpou me kìkkino ton—zetai h bsh tou hlektrikoÔ
epenerght .
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Gia thn bsh sterŁwshc tou anjrwpomorfikoÔ rompotikoÔ qerioÔ qrhsimopoi sa-
me flntza pou leitourge— san diepaf  tou qerioÔ me exwterik mhqanik sÔnola. To
mhqanikì sÔnolo mpore— na e—nai Łnac rompotikìc braq—onac, mia upodoq  gia prosje-
tikì qŁri anap rwn, h bsh sterŁwshc se Łna mh epandrwmŁno aeriwjoÔmeno ìqhma
kai poll lla. Gia lìgouc taÔtishc me ant—stoiqa rompotik qŁria epilŁxame na
qrhsimopoi soume thn flntza twn rompotik‚n qeri‚n thc prwtoboul—ac anoiqtoÔ
k‚dika Yale OpenHand[17].
Gia touc mhqanikoÔc suzeÔktec sqedisame 2 ekdìseic. Sthn pr‚th Łkdosh, o
mhqanikìc suzeÔkthc emplŁketai me ton diaforikì mhqanismì ìtan piŁzetai sthn nw
pleur. H apemplok  tou g—netai me thn epanalambanìmenh p—esh tou. Parìlo, pou h
leitourg—a aut c thc Łkdoshc  tan polÔ apl , h sqed—ash  tan sÔnjeth kai sunep‚c
apaitoÔse diadikas—a qÔteushc uyhl c akr—beiac pou den  tan diajŁsimh. Gia ton
parapnw lìgo, sqedisame enallaktik  deÔterh Łkdosh pou apaitoÔse p—esh kai
peristrof  tou mhqanikoÔ suzeÔkth gia thn emplok  tou. Se aut  thn per—ptwsh, h
apemplok  pragmatopoie—tai me thn peristrof  tou suzeÔkth. Shmei‚netai, pwc gia
na mporŁsei na epiteuqje— emplok  kai apemplok  tou mhqanikoÔ suzeÔkth ja prŁpei
to anjrwpomorfikì rompotikì qŁri na br—skontai se hrem—a, dhlad  na br—sketai sthn
arqik  tou jŁsh o hlektrikìc epenerght c. Autì sumba—nei, kaj‚c epijumoÔme o
diaforikìc mhqanismìc na br—sketai sthn nw jŁsh kat thn diadikas—a emplok c kai
apemplok c.
Hlektrikìc epenerght c HerkuleX DRS  0201
Diastseic 45 mm  24 mm  31 mm
Broc 60 g
SqŁsh metdoshc 1 : 266
’Entash reÔmatoc eisìdou 7   12 VDC (bŁltisto 7.4 V)
MŁgisth Rop  24 kgf.cm sta 7.4 V
MŁgisth TaqÔthta 0.147s / 60  sta 7.4 V
Diakritikìthta 0.325
Gwn—a peristrof c 320
Anatrofodìthsh JŁshc, TaqÔthtac, Jermokras—ac, Fort—ou,
ReÔmatoc
P—nakac 2.11: Teqnik qarakthristik hlektrikoÔ epenerght  HerkuleX DRS 0201.
H bsh tou hlektrikoÔ epenerght  katalambnei q‚ro entìc tou nw mŁrouc thc
palmhc gia na e—nai sumpag c kai enia—a h kataskeu . H epilog  thc katllhlhc
jŁshc Łgine me krit rio thn elaqistopo—hsh twn trib‚n stic troqal—ec pou suner-
gzontai me to sÔsthma periŁlixhc tŁnonta. Sto sq ma 2.16, shmei‚netai me kìkkino
h bsh tou hlektrikoÔ epenerght  sto nw mŁroc thc palmhc. Ep—shc, diakr—netai to
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sÔsthma periŁlixhc tŁnonta tou ant—qeira kaj‚c kai twn upìloipwn daqtÔlwn mŁsw
tou diaforikoÔ mhqanismoÔ.
O hlektrikìc epenerght c pou epilŁqthke e—nai oHerkuleX DRS 0201 thc DST
Robot. Epidi‚qthke na breje— epenerght c me tic mikrìterec dunatŁc diastseic kai
thn megalÔterh rop  all parllhla na diathrhje— qamhl to kìstoc agorc. Ston
p—naka 2.11 parousizontai ta kuriìtera qarakthristik tou HerkuleX DRS 0201.
O mikroelegkt c pou qrhsimopoi jhke e—nai oArduino Micro [51] kaj‚c parousi-
zei plhj‚ra pleonekthmtwn. Sto sq ma 2.17 parousizetai h sundesmolog—a tou
hlektrikoÔ epenerght  me ton mikroelegkt . Ep—shc, parat—jetai h biblioj kh tou
Arduino gia to HerkuleX DRS 0201 [52].
Sq ma 2.17: Sundesmolog—a HlektrikoÔ epenerght  me ton mikroelegkt . MaÔro
kal‚dio: Ge—wsh. Kìkkino kal‚dio: Trofodos—a. Mple kal‚dio: TXD . K—trino
kal‚dio: RXD . Phg : [52].
Gia ta sust mata periŁlixhc tŁnonta qrhsimopoi same Dyneema Fishing Linepou
parousizei epim kunsh kat thn jraÔsh 3.5%, antoq  se efelkusmì 3.4 GPa kai
dÔnamh jraÔshc 610 N.
Keflaio 3
Peirmata
H peiramatik  diadikas—a qwr—sthke se dÔo mŁrh. Sto pr‚to mŁroc twn peira-
mtwn dokimsame thn antoq  kai thn leitourgikìthta tou diaforikoÔ mhqanismoÔ
epilektik c emplok c. Sto deÔtero mŁroc twn peiramtwn exetsame thn ikanìthta
tou qerioÔ na epitugqnei arpgec kajhmerin‚n antikeimŁnwn kai kajor—sthkan oi
periorismo— brouc.
3.1 Diaforikìc mhqanismìc
Gia thn diakr—bwsh thc leitourgikìthtac tou diaforikoÔ mhqanismoÔ epilektik c
emplok c pragmatopoi jhkan dÔo xeqwrist peirmata. Sto pr‚to mŁroc twn peira-
mtwn elŁgxame thn dunatìthta metaforc dÔnamhc sta dqtula mŁsw tou diaforikoÔ
mhqanismoÔ kat thn emplok  tou. Sto deÔtero mŁroc twn peramtwn exetsame thn
dunatìthta epituq—ac ìlwn twn dunat‚n sunduasm‚n emplok c, pou or—sthkan kat
thn sqed—ash tou anjrwpomorfikoÔ rompotikoÔ qerioÔ.
3.1.1 AÔxhsh metaferìmenhc dÔnamhc
H epilog  qr shc enìc tropopoihmŁnou diaforikoÔ mhqanismoÔ me mprec epile-
ktik c emplok c mac d—nei thn dunatìthta na epilŁxoume ta dqtula pou epijumoÔme
na kinhjoÔn. Se aut  thn upoenìthta exetzoume thn antoq  all kai h leitourgi-
kìthta tou diaforikoÔ mhqanismoÔ, se diforouc pijanoÔc sunduasmoÔc emplok c,
me mia seir peiramtwn. Ousiastik metrme tic dunmeic pou askoÔn ta dqtula
tou anjrwpomorfikoÔ rompotikoÔ qerioÔ qwr—c emplok , se sÔgkrish me ìlouc touc
sunduasmoÔc emplok c daqtÔlwn tou diaforikoÔ mhqanismoÔ.
Gia tic angkec tou peirmatoc qrhsimopoi same to Hand Dynamometer HD
BTA thc Vernier [53]. Me to dunamìmetro qeirìc metr same thn dÔnamh pou askoÔn
ta dqtula se sqŁsh me thn gwniak  jŁsh tou hlektrikoÔ epenerght . H metatìpish
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tou diaforikoÔ mhqanismoÔ entìc thc palmhc jewre—tai to pio shmantikì qarakthri-
stikì se sqŁsh me thn gwniak  jŁsh tou hlektrikoÔ epenerght . O lìgoc Łgkeitai
sto gegonìc, ìti epijumoÔme na exetsoume thn sumperifor tou diaforikoÔ mhqani-
smoÔ epilektik c emplok c. H gwniak  jŁsh tou hlektrikoÔ epenerght  metatrŁpetai
eÔkola se anhgmŁnh grammik  metatìpish tou diaforikoÔ mhqanismoÔ wc ex c:.
L = 2    Ri 

360 (3.1)
 L : AnhgmŁnh grammik  metatìpish tou diaforikoÔ mhqanismoÔ.
 2    Ri : Per—metroc twn troqali‚n tou hlektrikoÔ epenerght .
  : Ufistmenh gwniak  jŁsh tou hlektrikoÔ epenerght .
H gwniak  jŁsh or—zetai se sqŁsh me thn arqik  jŁsh tou hlektrikoÔ epenergh-
t , ìpou to anjrwpomorfikì rompotikì qŁri br—sketai se hrem—a. Oi dimetroi twn
troqali‚n tou hlektrikoÔ epenerght  e—nai diaforetikŁc gia kje sÔsthma periŁlixhc
tŁnonta, gia lìgouc pou dieukrin—sthkan sthn upoenìthta 2.3.2.1.
Sto sq ma 3.1 parousizetai to digramma dunmewn tou anjrwpomorfikoÔ ro-
mpotikoÔ qerioÔ, qwr—c emplok  daqtÔlwn apì to diaforikì mhqanismì, se sqŁsh
me thn anhgmŁnh grammik  metatìpish tou diaforikoÔ mhqanismoÔ. H mŁgisth dÔna-
mh pou epitugqnetai apì ta tŁssera dqtula e—nai 8 N me 20mm metatìpish tou
diaforikoÔ mhqanismoÔ eswterik thc palmhc. Parathre—tai, pwc arqik h dÔnamh
auxnetai grammik Łwc ìtou prosegg—sei thn mŁgisth tim  kai Łpeita mei‚netai kai
Sq ma 3.1: SqŁsh dÔnamhc me anhgmŁnh grammik  metatìpish tou diaforikoÔ mhqani-
smoÔ qwr—c emplok  daqtÔlwn.
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stajeropoie—tai sta 7 N. Aut  h me—wsh ofe—letai sthn sumperifor twn elastik‚n
twn arjr‚sewn kai sthn elastik  paramìrfwsh tou tŁnonta ( Dyneema) pou qrhsi-
mopoioÔme. Shmei‚netai pwc h arqik  ustŁrhsh thc dÔnamhc ofe—letai sthn k—nhsh
twn daqtÔlwn sto eleÔjero q‚ro Łwc ìtou sunant soun to dunamìmetro qeirìc.
Sthn sunŁqeia, exetzoume thn sumperifor tou diaforikoÔ mhqanismoÔ ìtan to
mikrì dqtulo den summetŁqei ston upologismì thc dÔnamhc. Uprqoun dÔo diafo-
retikŁc peript‚seic upologismoÔ thc dÔnamhc. Arqik, desmeÔoume thn k—nhsh tou
mikroÔ daqtÔlou mŁsw emplok c tou mhqanikoÔ suzeÔkth sto diaforikì mhqanismì
kai metrtai h dÔnamh pou askoÔn ta upìloipa tr—a dqtula. ’Epeita, af noume to
mikrì dqtulo na kine—tai ston eleÔjero q‚ro, qwr—c ìmwc na akoump sei to duna-
mìmetro qeirìc kai metrtai ek nŁou h dÔnamh pou askoÔn ta upìloipa tr—a dqtula.
Sto sq ma 3.2 parousizetai to digramma dunmewn twn tri‚n daqtÔlwn se sqŁsh
me thn anhgmŁnh grammik  metatìpish tou diaforikoÔ mhqanismoÔ.
Parathre—tai, pwc h dÔnamh pou askoÔn ta dqtula de—kth, mŁsou kai parmesou
e—nai sqedìn diplsia sthn per—ptwsh pou desmeute— h k—nhsh tou mikroÔ daqtÔlou me
to diaforikì epilektik c emplok c. Wstìso, parathre—tai mikr  me—wsh sthn grammik 
metatìpish pou ofe—letai ston periorismì k—nhshc tou diaforikoÔ mhqanismoÔ.
Sq ma 3.2: SqŁsh dÔnamhc me anhgmŁnh grammik  metatìpish tou diaforikoÔ mhqani-
smoÔ me emplok  tou mikroÔ daqtÔlou.
’Epeita, exetzoume thn sumperifor tou diaforikoÔ mhqanismoÔ ìtan ta dqtula
parmesou kai mikroÔ den summetŁqoun ston upologismì thc dÔnamhc. Uprqoun
dÔo diaforetikŁc peript‚seic upologismoÔ thc dÔnamhc. Arqik, desmeÔoume thn
k—nhsh twn daqtÔlwn parmesou kai mikroÔ mŁsw emplok c tou mhqanikoÔ suzeÔkth
sto diaforikì mhqanismì kai metrtai h dÔnamh pou askoÔn ta upìloipa dqtula.
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’Ustera, af noume ta dqtula parmeso kai mikrì na kinoÔntai ston eleÔjero q‚ro,
qwr—c ìmwc na akoump soun to dunamìmetro qeirìc kai metrtai ek nŁou h dÔnamh
pou askoÔn ta upìloipa dÔo dqtula. Sto sq ma 3.3 parousizetai to digramma
dunmewn se sqŁsh me thn anhgmŁnh grammik  metatìpish tou diaforikoÔ mhqanismoÔ.
Parathre—tai, pwc h dÔnamh pou askoÔn ta dqtula de—kthc kai mŁsoc e—nai sqedìn
diplsia sthn per—ptwsh pou desmeute— h k—nhsh twn daqtÔlwn parmesou kai mikroÔ
me to diaforikì epilektik c emplok c. Wstìso, parathre—tai me—wsh sthn grammik 
metatìpish pou ofe—letai ston periorismì k—nhshc tou diaforikoÔ mhqanismoÔ.
Sq ma 3.3: SqŁsh dÔnamhc me anhgmŁnh grammik  metatìpish tou diaforikoÔ mhqani-
smoÔ me emplok  twn daqtÔlwn parmesou kai mikroÔ.
Sthn sunŁqeia, exetzoume thn sumperifor tou diaforikoÔ mhqanismoÔ ìtan ta
dqtula mŁsoc, parmesoc kai mikrìc den summetŁqoun ston upologismì thc dÔnamhc.
Uprqoun dÔo diaforetikŁc peript‚seic upologismoÔ thc dÔnamhc. Arqik, desme-
Ôoume thn k—nhsh twn daqtÔlwn mŁsou, parmesou kai mikroÔ mŁsw thc emplok c
tou mhqanikoÔ suzeÔkth sto diaforikì mhqanismì kai metrtai h dÔnamh pou aske—
o de—kthc. ’Epeita, af noume ta dqtula mŁsou, parmesou kai mikroÔ na kinoÔntai
ston eleÔjero q‚ro, qwr—c ìmwc na akoump soun to dunamìmetro qeirìc kai metrtai
ek nŁou h dÔnamh pou aske— o de—kthc. Sto sq ma 3.4 parousizetai to digramma
dunmewn se sqŁsh me thn anhgmŁnh grammik  metatìpish tou diaforikoÔ mhqanismoÔ.
Parathre—tai, pwc h dÔnamh pou aske— o de—kthc e—nai sqedìn tŁsseric forŁc mega-
lÔterh sthn per—ptwsh pou desmeute— h k—nhsh twn daqtÔlwn mŁsou, parmesou kai
mikroÔ me to diaforikì epilektik c emplok c. Wstìso, parathre—tai shmantik  me—w-
sh sthn grammik  metatìpish pou ofe—letai ston periorismì k—nhshc tou diaforikoÔ
mhqanismoÔ.
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Sq ma 3.4: SqŁsh dÔnamhc me anhgmŁnh grammik  metatìpish tou diaforikoÔ mhqani-
smoÔ me emplok  twn daqtÔlwn mŁsou, parmesou kai mikroÔ.
’Epeita, exetzoume thn sumperifor tou ant—qeira se sqŁsh me ìlec tic parapnw
peript‚seic metr sewn dÔnamhc. Uprqoun pŁnte diaforetikŁc peript‚seic upologi-
smoÔ thc dÔnamhc. Arqik, den desmeÔetai h k—nhsh kanenìc daqtÔlou kai metrtai
h dÔnamh pou aske— o ant—qeirac se ant—jesh. ’Ustera, desmeÔoume thn k—nhsh twn
daqtÔlwn mŁsou, parmesou kai mikroÔ, ìpwc stic parapnw tŁsseric peript‚seic
all aut  thn for metrtai h dÔnamh pou aske— o ant—qeirac. Sto sq ma 3.5 parou-
sizetai to digramma dunmewn se sqŁsh me thn anhgmŁnh grammik  metatìpish tou
diaforikoÔ mhqanismoÔ.
H dÔnamh pou aske— o ant—qeirac se ìlec tic peript‚seic e—nai —dia kai grammik 
kaj‚c h kl—sh e—nai ìmoia se ìlec tic kampÔlec tou diagrmmatoc. Autì shma—nei pwc
h skhsh dÔnamhc tou ant—qeira perior—zetai mìno apì thn anhgmŁnh grammik  meta-
tìpish. Sunep‚c, h exrthsh apì ton diaforikì mhqanismì den e—nai mesh kaj‚c den
metafŁretai dÔnamh ston ant—qeira all Łmmesh diìti h emplok  daqtÔlwn perior—zei
thn grammik  metatìpish. H grammik  metatìpish prokÔptei apì thn gwniak  jŁsh
tou hlektrikoÔ epenerght  kai gia ta dÔo sust mata periŁlixhc tŁnonta. Se per—ptw-
sh pou diakope— h k—nhsh apì kpoio sÔsthma periŁlixhc, tautìqrona perior—zetai
h k—nhsh kai sto llo sÔsthma periŁlixhc, kaj‚c kinoÔntai apì to enia—o sÔsthma
troqali‚n, diaforetik‚n diamŁtrwn, pou edrzetai ston hlektrikì epenerght .
Parathre—tai, pwc gia tic peript‚seic emplok c twn daqtÔlwn parmesou, mikroÔ
kai mŁsou, parmesou, mikroÔ uprqei shmantik  me—wsh sthn grammik  metatìpish
pou ofe—letai ston periorismì k—nhshc tou diaforikoÔ mhqanismoÔ. Ep—shc, sthn pe-
r—ptwsh ant—jeshc tou ant—qeira dhmiourge—tai qalrwsh(slack) sto sÔsthma periŁli-
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Sq ma 3.5: SqŁsh dÔnamhc ant—qeira me anhgmŁnh grammik  metatìpish tou diaforikoÔ
mhqanismoÔ.
xhc tŁnonta tou ant—qeira, me apotŁlesma na perior—zetai h grammik  metatìpish tou
ant—qeira. Autìc o periorismìc mei‚nei shmantik thn dÔnamh pou aske— o ant—qeirac
ìtan efarmìzetai k—nhsh ant—jeshc.
Sunolik, kr—netai pwc o diaforikìc mhqanismìc epilektik c emplok c Łqei jetik 
suneisfor sthn metafor dÔnamhc se per—ptwsh pou jŁloume na epitÔqoume arpgh
me ligìtera apì ta diajŁsima dqtula. Wstìso, uprqoun kpoia meionekt mata pou
ofe—lontai ston periorismì k—nhshc tou diaforikoÔ mhqanismoÔ kai sthn qalarìthta
pou dhmiourge—tai sto sÔsthma periŁlixhc tŁnonta tou ant—qeira, ìtan topojete—tai
se jŁsh ant—jeshc sta upìloipa dqtula.
3.1.2 DiaforetikŁc epilogŁc arpghc antikeimŁnwn &
ektŁleshc qeironomi‚n
To anjrwpomorfikì rompotikì qŁri me to diaforikì mhqanismì periorismŁnhc em-
plok c sqedisthke me skopì na epitugqnei 144 diaforetikoÔc tÔpouc arpghc. Se
aut  thn upoenìthta exetzoume peiramatik thn dunatìthta tou anjrwpomorfikoÔ




QerioÔ ( mm )
Pltoc
QerioÔ ( mm )
Pqoc
QerioÔ ( mm )
Kìstoc
( $)
300 190 90 62.5 (stajerì) 200
P—nakac 3.1: Qarakthristik anjrwpomorfikoÔ rompotikoÔ qerioÔ.
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Sq ma 3.6: Anjrwpomorfikì rompotikì qŁri se hrem—a.
Sto sq ma 3.6 parousizetai to anjrwpomorfikì rompotikì qŁri se hrem—a se
ìlec tic ìyeic tou. To qŁri ulopoi jhke bsh thc didistathc sqed—ashc, pou ìpwc
anafŁrjhke sthn enìthta 2.4 kataskeusthke apì Plexiglasse mhqan  kop c laser.
Ta qarakthristik tou anjrwpomorfikoÔ rompotikoÔ qerioÔ pou apeikon—zetai sto
sq ma 3.6 parousizontai stouc p—nakec 3.1 kai 3.2. To sunolikì kìstoc kataskeu c
tou anjrwpomorfikoÔ rompotikoÔ qerioÔ an lje mìlic sta 200 $. Ep—shc, to sunolikì
broc tou qerioÔ e—nai 300 g kai oi upìloipec diastseic e—nai entìc thc kanonik c











Ant—qeirac 20.0 68.0 16.2 15.0
De—kthc 30.0 88.0 16.2 15.0
MŁsoc 30.0 98.0 16.2 15.0
Parmesoc 30.0 95.0 16.2 15.0
Mikrìc 25.0 76.0 16.2 15.0
P—nakac 3.2: Qarakthristik daqtÔlwn anjrwpomorfikoÔ rompotikoÔ qerioÔ sÔmfw-
na me tic proôpojŁseic tou p—naka 3.1.
Shmei‚netai, pwc to pqoc twn daqtÔlwn den mpore— na metablhje— kaj‚c perilam-
bnei stajerŁc diastseic kai sugkekrimŁna ulik gia thn kataskeu  tou. Ant—jeta,
to pltoc twn daqtÔlwn e—nai parametropoi simo mŁgejoc kat ton sqediasmì kai
h sugkekrimŁnh distash taut—zetai me aut  tou qerioÔ tou suggrafŁa. Sthn su-
nŁqeia desmeÔoume thn k—nhsh enìc daqtÔlou kai parousizontai oi tŁsseric pijanŁc
peript‚seic tou anjrwpomorfikoÔ rompotikoÔ qerioÔ sto sq ma 3.7.
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α. β. γ. δ.
Sq ma 3.7: Periorismìc k—nhshc enìc daqtÔlou. a. Mikrìc, b. Parmesoc, g. MŁsoc,
d. De—kthc.
Ep—shc shmei‚netai, pwc den mporoÔme na desmeÔsoume thn k—nhsh tou ant—qeira
sto anjrwpomorfikì rompotikì qŁri, llwste kti tŁtoio den ja e—qe nìhma kaj‚c o
ant—qeirac suneisfŁrei pntote kai se ìlec tic arpgec. ’Epeita, desmeÔoume thn k—nh-
sh diafìrwn daqtÔlwn me diforouc sunduasmoÔc kai parousizoume merikŁc efiktŁc
qeironom—ec tou anjrwpomorfikoÔ rompotikoÔ qerioÔ sto sq ma 3.8
α. β. γ.
Sq ma 3.8: Periorismìc k—nhshc diafìrwn daqtÔlwn. a. SÔmbolo thc eir nhc, b.
Devil’s Horns, g. Proskopikìc qairetismìc.
3.2 Arpag  kajhmerin‚n antikeimŁnwn
Gia na exetsoume thn leitourgikìthta tou anjrwpomorfikoÔ rompotikoÔ qerioÔ,
pragmatopoi same seir peiramtwn arpghc kajhmerin‚n antikeimŁnwn. EpilŁxame
antike—mena pou Łqoun diaforetik megŁjh, gewmetr—a, duskamy—a kai broc. Ep—shc,
gia ta antike—mena pou epilŁxame apaitoÔntai oi paraktw tÔpoi arpghc, ìpwc o-
r—zontai sto [6], pleurik  arpgh, tr—podh arpgh, tr—podh arpgh graf c, akrib c
sfairoeid  arpgh, arpgh dÔnamhc d—skou arpgh meglhc diamŁtrou, arpgh mesa-
—ac diamŁtrou kai pleurik  tr—podh arpgh.
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Arqik, epiteÔqjhke epituq c arpgh se deia plastik  koÔpa, se sapoÔni se
suskeuas—a, se mplok shmei‚sewn A5, se markadìro kai se koklina guali hl—ou.
To anjrwpomorfikì rompotikì qŁri Łdeixe exairetik  prosarmostikìthta se ìla ta
antike—mena kai ìlec oi arpgec  tan epituqe—c diathr‚ntac thn akeraiìthta twn an-
tikeimŁnwn. Gia thn arpgh twn parapnw antikeimŁnwn apaite—tai epidexiìthta apì
to rompotikì qŁri kaj‚c kalÔptoun meglh poikil—a apait sewn. Pio sugkekrimŁna,
ta antike—mena e—nai mikroÔ megŁjouc, apoteloÔntai apì ulik diaforetik c duskam-
y—ac kai fŁroun polÔplokec gewmetr—ec. Sto sq ma 3.9 parousizontai oi arpgec
merik‚n antike—menwn pou anafŁrjhkan.
Sthn sunŁqeia, epiteÔqjhke epituq c arpgh suskeuas—ac polÔmetrou apì qar-
tìni kai afa—resh polÔmetrou apì thn suskeuas—a, merik‚c gemismŁnou kajaristikoÔ
q‚rou, mikr c diamŁtrou kinoÔmenhc mplac, gemtou plastikoÔ mpoukalioÔ neroÔ
1.5 L kai gŁmisma pothrioÔ, gulinou kulindrikoÔ pothrioÔ kai metallikoÔ koutalioÔ.
Sto sq ma 3.10 parousizontai oi arpgec merik‚n antike—menwn pou anafŁrjh-
kan. Shmei‚netai pwc to anjrwpomorfikì rompotikì qŁri epŁdeixe epidexiìthta sthn
dokimas—a afa—reshc tou polÔmetrou apì thn suskeuas—a tou. Autìc o sunduasmìc
arpag‚n e—nai exairetik sÔnjetoc all br—skei efarmog  se plhj‚ra kajhmerin‚n
leitourgi‚n tou anjr‚pinou qerioÔ. ’Epeita, to mŁgisto broc pou katfere na u-
posthr—xei to rompotikì qŁri e—nai 1.5Kg. Autì to broc e—nai ikanopoihtikì pro-
keimŁnou na epitugqnetai h pleioyhf—a twn kajhmerin‚n arpag‚n pou epiqeire— o
njrwpoc.
Sumperasmatik, to anjrwpomorfikì rompotikì qŁri epŁdeixe exairetik qara-
kthristik kai kat to deÔtero mŁroc thc peiramatik c diadikas—ac. Gia thn epituq 
arpgh twn antikeimŁnwn apaitoÔntai 9 diaforetiko— tÔpoi arpghc, ìpwc or—zontai
sto [6]. Gia ìla sqedìn ta antike—mena apait jhke mìno mia prospjeia gia thn
arpgh touc. Parathr jhke, pwc to pio dÔskolo stdio  tan na ekpaideutoÔn oi
α. β. γ.
Sq ma 3.9: Arpgh diafìrwn antikeimŁnwn. a. Guali hl—ou, b. KoÔpa, g. Marka-
dìroc.
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α. β.
Sq ma 3.10: Arpgh diafìrwn antikeimŁnwn. a. Plastikì mpoukli neroÔ, b. Kou-
tli.
summetŁqontec sthn peiramatik  diadikas—a kai ston trìpo leitourg—ac tou rompoti-
koÔ qerioÔ. TŁloc, ìlh h peiramatik  diadikas—a magnhtoskop jhke kai parat—jetai
se b—nteo uyhl c anlushc [54].
Keflaio 4
Sumpersmata
Se autì to keflaio parousizontai ta sumpersmata thc sqed—ashc kai kata-
skeu c enìc anjrwpomorfikoÔ rompotikoÔ qerioÔ. Sthn sunŁqeia, prote—nontai pi-
janŁc mellontikŁc kateujÔnseic gia thn belt—wsh tou rompotikoÔ qerioÔ e—te sto
ep—pedo sqed—ashc, e—te sto ep—pedo kataskeu c.
4.1 Episkìphsh
H ergas—a aut  afor thn sqed—ash kai kataskeu  enìc anjrwpomorfikoÔ ro-
mpotikoÔ qerioÔ. Arqik, or—same tic apait seic tou probl matoc sthn enìthta 2.1.
ProkeimŁnou na enisqÔsoume thn epidexiìthta tou qerioÔ melet same thn Łnnoia tou
anjrwpomorfismoÔ kai empneust kame apì ton trìpo leitourg—ac kai ta qarakthristi-
k tou anjr‚pinou qerioÔ. ’Epeita, h pio shmantik  apa—thsh  tan to rompotikì qŁri
na e—nai idiaitŁrwc leitourgikì ‚ste na pragmatopoie— kajhmerinŁc arpgec antikei-
mŁnwn me eukol—a kai qwr—c na qreizetai polÔplokouc nìmou elŁgqou. Me gn‚mona
aut  thn apa—thsh epilŁxame na qrhsimopoi soume elastikŁc arjr‚seic me upoqwrh-
tikìthta, ‚ste na leitourge— apotelesmatik kai se mh domhmŁna peribllonta. Sthn
sunŁqeia, apara—thth proôpìjesh  tan to rompotikì qŁri na Łqei qamhlì broc kai
kìstoc kataskeu c. Sunep‚c, idia—terh shmas—a dìjhke sthn epilog  twn ulik‚n
pou ja qrhsimopoihjoÔn ‚ste na epitugqnontai qamhlì broc kai kìstoc, all pa-
rllhla na diathre—tai uyhlìc de—kthc stibarìthtac. Ep—shc, shmantikìc pargontac
pou mei‚nei to broc kai to kìstoc thc kataskeu c e—nai h me—wsh tou arijmoÔ twn
hlektrik‚n epenerght‚n. Gia ton lìgo autì, all kai gia lìgouc prosarmostikìth-
tac tou qerioÔ, kr—name skìpimo to rompotikì qŁri na e—nai upoepenergoÔmeno (qr sh
1 mìno hlektrikoÔ epenerght ).
Sthn sunŁqeia, sthn enìthta 2.2 or—same touc periorismoÔc kataskeu c tou rompo-
tikoÔ qerioÔ bsh twn apait sewn pou e—qan oriste—. Arqik,  tan adÔnato na ulopoi-
hjoÔn ìloi oi bajmo— eleujer—ac pou diajŁtei to anjr‚pino qŁri. ’Epeita, melet same
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ton trìpo leitourg—ac, tou pio shmantikoÔ kai sÔnjetou daqtÔlou sto anjr‚pino
qŁri, tou ant—qeira. Kr—jhke adÔnato na ulopoihje— h leitourg—a tou ant—qeira ìpwc
pragmatopoie—tai sto anjr‚pino qŁri, gia autì perior—sthkan oi bajmo— eleujer—ac
tou. ’Ustera, h apa—thsh thc qr shc mìno enìc hlektrikoÔ epenerght  dhmioÔrghse
periorismoÔc wc proc to broc kai th rop  pou ja apaitoÔntan. Melet same loi-
pìn, trìpouc me—wshc twn trib‚n sto sÔsthma periŁlixhc tŁnonta pou metafŁrei thn
k—nhsh apì ton hlektrikì epenerght  sta dqtula.
Sthn enìthta 2.3 parousizoume to kinhmatikì montŁlo tou rompotikoÔ qerioÔ me
bsh thn anlush DenavitHartenberg . ’Epeita, or—zoume thn akrib  jŁsh tou ant—qei-
ra mŁsa apì Łna iatrikì test pou efarmìzetai met apì egqeirhtikŁc diadikas—ec sto
anjr‚pino qŁri, ton Łlegqo tou Kapandji. ’Ustera, epilŁgoume katllhlh kl—sh tou
ant—qeira gia na apofeuqjoÔn fainìmena epikluyhc daqtÔlwn. Gia thn olokl rw-
sh tou sqediasmoÔ tou ant—qeira qrhsimopoi same melŁtec taxinìmhshc arpag‚n tou
anjr‚pinou qerioÔ prokeimŁnou na exaqje— h diakritopo—hsh tou odontwtoÔ mhqani-
smoÔ sÔmplexhc. Sthn sunŁqeia, sqedisame Łna diaforikì mhqanismì epilektik c
emplok c, pou bas—sthke ston mhqanismì touWhietree .
AkoloÔjwc, sthn enìthta 2.4 sqedisame to tridistato montŁlo tou anjrwpo-
morfikoÔ rompotikoÔ qerioÔ. Gia lìgouc diaqe—rishc to rompotikì qŁri qwr—sthke se
tr—a mŁlh, sthn palmh, sta dqtula kai ta upìloipa perifereiak exart mata. H
sqed—ash e—nai parametrik , dhlad  mpore— na metablletai me bsh to m koc kai to
pltoc tou anjr‚pinou qerioÔ. Sunep‚c, proŁkuyan proswpopoihmŁna anjrwpomor-
fik rompotik qŁria pou mporoÔn na anapargoun to 95% twn anjr‚pinwn qeri‚n
tou andrikoÔ plhjusmoÔ. Ta sqŁdia tou rompotikoÔ qerioÔ e—nai diajŁsima se dÔo
ekdìseic ( 2D, 3D), oi opo—ec epitrŁpoun thn kataskeu  tou e—te se mhqanŁc kop c
laser, e—te se mhqanŁc enapìjeshc t gmatoc (3D printers).
Sto keflaio 3 exakrib‚same, mŁsw peiramatik c diadikas—ac, thn leitourgikìthta
tou sunìlou thc kataskeu c tou anjrwpomorfikoÔ rompotikoÔ qerioÔ. Ta peirmata
qwr—sthkan se 2 mŁrh, ìpou sto pr‚to dokimsame thn leitourgikìthta tou diafori-
koÔ mhqanismoÔ epilektik c emplok c, en‚ sto deÔtero exetsame thn ikanìthta tou
qerioÔ na epitugqnei arpgec kajhmerin‚n antikeimŁnwn.
Sto pr‚to mŁroc twn peiramtwn thc enìthtac 3.1 parousisame, mŁsw diagram-
mtwn thn sqŁsh metaxÔ anhgmŁnhc grammik c metatìpishc tou diaforikoÔ mhqanismo-
Ô kai suneisforc tou diaforikoÔ mhqanismoÔ epilektik c emplok c sthn metafor
dÔnamhc apì ton hlektrikì epenerght  sta dqtula kat thn qr sh tou. Wstìso, u-
prqoun kpoia meionekt mata pou ofe—lontai ston periorismì k—nhshc tou diaforikoÔ
mhqanismoÔ kai sthn qalarìthta pou dhmiourge—tai sto sÔsthma periŁlixhc tŁnonta
tou ant—qeira, ìtan topojete—tai se jŁsh ant—jeshc apì ta upìloipa dqtula.
Sto epìmeno mŁroc twn peiramtwn thc enìthtac 3.2 to anjrwpomorfikì rompotikì
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qŁri epŁdeixe exairetik qarakthristik. Pio sugkekrimŁna, pragmatopo—hse epituqe—c
arpgec diafìrwn kajhmerin‚n antikeimŁnwn pou Łqoun diaforetik megŁjh, gewme-
tr—ec, duskamy—a kai broc. Sunma, to rompotikì qŁri epŁdeixe exairetik  eukol—a
kat thn qr sh tou kai oi mhqaniko— suzeÔktec kaj‚c kai o odontwtìc mhqanismìc
ant—jeshc tou ant—qeira  tan eÔkoloi sthn qr sh. Ekten  peirmata arpghc kajh-
merin‚n antikeimŁnwn kai ektŁleshc qeironomi‚n periŁqontai sto sqetikì b—nteo [54].
4.2 Suneisfor
H suneisfor thc paroÔsac diplwmatik c ergas—ac e—nai h sqed—ash kai h kata-
skeu  enìc rompotikoÔ qerioÔ pou qrhsimopoie— Łna kainotìmo diaforikì mhqanismì
epilektik c emplok c. Ta qarakthristik tou proteinìmenou qerioÔ e—nai ta akìlou-
ja:
1. Anjrwpomorfismìc: To rompotikì qŁri e—nai empneusmŁno apì anjrwpometri-
kŁc melŁtec tou qerioÔ kai o sqediasmìc tou bas—zetai se iatrik test pou
efarmìzontai se anjr‚pina qŁria met apì egqeirhtikŁc diadikas—ec.
2. Qamhlì broc: Ta ulik pou qrhsimopoi same gia thn kataskeu  tou qerioÔ
e—nai elafr all parllhla exasfal—zoun stibarìthta sthn kataskeu . To
sunolikì broc tou anjrwpomorfikoÔ rompotikoÔ qerioÔ e—nai 300 g.
3. Qamhlì kìstoc: EpilŁxame oikonomik ulik pou e—nai eÔkolo na brejoÔn sthn
agor. To megalÔtero mŁroc tou kìstouc ofe—letai stouc hlektrikoÔc epe-
nerghtŁc kai gia autì qrhsimopoi jhke mìno Łnac. To sunolikì kìstoc thc
kataskeu c e—nai 200$.
4. Parametrikìc sqediasmìc: To anjrwpomorfikì rompotikì qŁri e—nai pl rwc
parametrikì wc proc to m koc kai to pltoc tou anjr‚pinou qerioÔ prokeimŁnou
na pargetai me proswpopoihmŁno trìpo.
5. Leitourgikìthta: O diaforikìc mhqanismìc epilektik c emplok c e—nai h kuri-
ìterh suneisfor thc diplwmatik c ergas—ac kaj‚c exasfal—zei uyhl ep—peda
leitourgikìthtac. Pio sugkekrimŁna epitrŁpei thn epilog  144 diaforetik‚n
tÔpwn arpghc kai kat thn qr sh tou parousizetai shmantik  metafor dÔna-
mhc sta dqtula pou summetŁqoun sthn arpgh.
6. Sqed—ash anoiqtoÔ k‚dika kai odhgìc sunarmolìghshc: Olìklhrh h sqed—a-
sh diat—jetai mŁsw tou [55] eleÔjera sto diad—ktuo upì thn deia Creative
Commons AttributionShareAlike 4.0 International Licensethc prwtoboul—ac
OpenBionics, pou perigrfetai sto Parrthma Aþ. Ep—shc, diat—jetai odhgìc
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sunarmolìghshc tou anjrwpomorfikoÔ rompotikoÔ qerioÔ pou parousizetai
sto Parrthma Bþ.
7. Qr sh wc prosjetikì mŁloc: Kr—netai exairetik ka—ria h qr sh tou anjrwpo-
morfikoÔ rompotikoÔ qerioÔ wc prosjetikì mŁloc.
8. H paroÔsa diplwmatik  ergas—a od ghse se dÔo dhmosieÔseic [56,57].
4.3 MellontikŁc epektseic
Me thn pr‚th aut  prospjeia kataskeu c anjrwpomorfikoÔ rompotikoÔ qerioÔ
ex qjhsan kpoia shmantik sumpersmata. Jewre—tai skìpimo na suneqiste— h Łreu-
na sto anjrwpomorfikì rompotikì qŁri pou mpore— na odhg sei e—te se belti‚seic,
e—te se peraitŁrw exŁlixh tou. AutŁc oi protseic parousizontai paraktw:
 Muohlektrikìc Łlegqoc tou anjrwpomorfikoÔ rompotikoÔ qerioÔ.
 Sqediasmìc kai kataskeu  katllhlhc platfìrmac prokeimŁnou na pragmato-
poihjoÔn peirmata se anjr‚pouc me anaphr—a tou nw krou.
 Montelopo—hsh kai Łlegqoc tou anjrwpomorfikoÔ rompotikoÔ qerioÔ gia e-
p—teuxh qeirismoÔ antikeimŁnwn.
 Tropopo—hsh kataskeu c gia qr sh wc autìnomo rompotikì qŁri.
Parrthma Aþ
OpenBionics
H OpenBionicse—nai mia prwtoboul—a anoiqtoÔ k‚dika pou proor—zetai gia thn
exŁlixh oikonomik prosit‚n, qamhloÔ brouc rompotik‚n kai prosjetik‚n qeri‚n.
Ta qŁria mporoÔn na kataskeuastoÔn qrhsimopoi‚ntac mhqanŁc protupopo—hshc kai
ulik pou mporoÔme na broÔme eÔkola sthn agor. Ta rompotik qŁria kost—zoun
100$ kai zug—zoun 200g, en‚ ta prosjetik qŁria kost—zoun 200 $ kai zug—zoun 300g.
Ta apaitoÔmena arqe—a, k‚dikec kai odhgo— sunarmolìghshc gia thn kataskeu  twn
qeri‚n br—skontai sthn istosel—da thc prwtoboul—ac [55].
H OpenBionics idrÔjhke apì mŁlh tou Ergasthr—ou Automtou ElŁgqou tou
k.Kuriakìpoulou, thc sqol c Mhqanolìgwn Mhqanik‚n tou EjnikoÔ Metsìbiou
Poluteqne—ou. Pio sugkekrimŁna h omda apotele—tai apì touc:
 Dr. Mhnc Liarokphc Metadidaktorikìc ereunht c  Yale University.
 Agis laoc Zhsimtoc Proptuqiakìc foitht c sqol c H.M.M.U. E.M.P..
 Ge‚rgioc KontoÔdhc Proptuqiakìc foitht c sqol c M.M. E.M.P..
 Qristìforoc Mauroginnhc Upoy fioc Didktwr  Cornell University.
 Kajhght c K‚stac Kuriakìpouloc Dieujunt c Ergasthr—ou Automtou E-
lŁgqou sqol c M.M. E.M.P..
Brabe—a me ta opo—a diakr—jhke to anjrwpomorfikì rompotikì qŁri thc prwtobou-
l—acOpenBionics:
 1 brabe—o ston diejn  diagwnismì rompotik c 2015 Robotdalen Innovation
Award  sthn Souhd—a, ton SeptŁmbrio tou 2015.
 2 brabe—o ston diejn  diagwnismì 2015Hackaday Prize, stic H.P.A ton No-
Łmbrio tou 2015.
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H summetoq  mou sthn prwtoboul—aOpenBionicsod ghse stic akìloujec dhmo-
sieÔseic:
[1] Agisilaos G. Zisimatos, Minas V. Liarokapis, Christoforos I. Mavrogiannis,
George P. Kontoudis and Kostas J. Kyriakopoulos, How to Create Af-
fordable, Modular, Light-Weight, Underactuated, Compliant Robot Hands,
Control Systems Lab, School of Mechanical Engineering, National Technical
University of Athens, Technical Report, January2015.
[2] George P. Kontoudis , Minas V. Liarokapis, Agisilaos G. Zisimatos, Christo-
foros I. Mavrogiannis and Kostas J. Kyriakopoulos, Open-Source, Anthropo-
morphic, Underactuated Robot Hands with a Selectively Lockable Dierential
Mechanism: Towards Aordable Prostheses, IEEE/RSJ International Con-
ference on Intelligent Robots and Systems (IROS), 2015, pp. 5857 5862.
[3] George P. Kontoudis , Minas V. Liarokapis, Agisilaos G. Zisimatos, Chri-
stoforos I. Mavrogiannis and Kostas J. Kyriakopoulos, How to Create Aor-
dable, Anthropomorphic, Light-Weight Prosthetic Hands, Control Systems
Lab, School of Mechanical Engineering, National Technical University of A-
thens, Technical Report, October2015.
Parrthma Bþ
Odhgìc Sunarmolìghshc
Se autì to parrthma ja parousiastoÔn analutikŁc odhg—ec sunarmolìghshc tou
anjrwpomorfikoÔ rompotikoÔ qerioÔ. Oi odhg—ec aforoÔn thn tridistath Łkdosh.
Arqik, ja parousiastoÔn ta apara—thta ulik kai ergale—a pou apaitoÔntai gia thn
kataskeu  tou rompotikoÔ qerioÔ. ’Epeita, ja parousiastoÔn ta tridistata temqia
thc mhqan c enapìjeshc t gmatoc kai ìloc o mhqanologikìc exoplismìc pou qrei-
zetai gia thn kataskeu  tou rompotikoÔ qerioÔ. TŁloc, ja paratejoÔn me sq mata
ìla ta b mata sunarmolìghshc thc kataskeu c.
Bþ.1 ApaitoÔmena ulik kai ergale—a
To anjrwpomorfikì rompotikì qŁri mpore— na kataskeuaste— qrhsimopoi‚ntac
ulik kai ergale—a pou br—skontai eÔkola sthn agor, ìpwc fa—netai stic eikìnec Bþ.1
kai Bþ.2.
Bþ.2 Temqia
Se autì to keflaio parousizontai ìla ta apara—thta temqia pou apaitoÔntai
gia thn thn sunarmolìghsh tou anjrwpomorfikoÔ rompotikoÔ qerioÔ. Gia lìgouc
diaqe—rishc ja qwr—soume ta temqia se treic kathgor—ec:
1. Temqia daqtÔlwn.
2. Temqia palmhc.
3. Temqia perifereiakoÔ exoplismoÔ.
H pr‚th kathgor—a perilambnei ta apara—thta temqia gia thn kataskeu  twn
pŁnte daqtÔlwn. H deÔterh kathgor—a perilambnei ta apara—thta temqia gia thn
kataskeu  thc palmhc kai tou diaforikoÔ mhqanismoÔ epilektik c emplok c kaj‚c
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MakriŁc belìnec [ D:1mm, L:70mm] Qrakac
Mutots—mpido Kop—di
Yal—di Katsab—diPhillips [no. 1.2]
Germanikì kleid— [M3] Kleid—allen [2.5mm]
Sq ma Bþ.1: Ergale—a kataskeu c anjrwpomorfikoÔ rompotikoÔ qerioÔ.
Seir yarŁmatoc Dyneema[0.4mm] Kìlla ABS
& Seir yarŁmatoc Nylon [0.4mm]
FÔlla silikìnhc [4 mm, 5mm] KaroÔli ABS [3mm]
Paramorf‚simh,autoboulkanizìmenh Mpatoneta
& anti olisjitik  tain—a
Sq ma Bþ.2: Ulik kataskeu c anjrwpomorfikoÔ rompotikoÔ qerioÔ.
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kine—tai eswterik thc palmhc. H tr—th kathgor—a perilambnei ta apara—thta te-
mqia gia thn kataskeu  thc bshc tou hlektrikoÔ epenerght , tou mhqanismoÔ tou
ant—qeira, tou sust matoc periŁlixhc tŁnonta kai twn mhqanik‚n suzeukt‚n.
Stic epìmenec enìthtec parat—jentai p—nakec temaq—wn gia kje kathgor—a. Ta
onìmata twn temaq—wn e—nai —dia me aut twn arqe—wn pou uprqoun sto [55]. TŁloc,
gia na e—nai eÔkoloc o prosdiorismìc twn temaq—wn parat—jentai sq mata twn tridi-
statwn montŁlwn.
Bþ.2.1 Temqia daqtÔlwn
Ston p—naka Bþ.1 parat—jentai ta temqia twn daqtÔlwn kai sto sq ma Bþ.3 pa-
rousizontai oi tridistatec anaparastseic touc.
’Onoma Temaq—ou Pos. Perigraf 
index 1 De—kthc[3D printer]
middle 1 MŁsoc [3D printer]
ring 1 Parmesoc [3D printer]
pinky 1 Mikrìc [3D printer]
thumb 1 Ant—qeirac[3D printer]
tubePIP 10 MpatonŁta gia thn eggÔc flagga [ d:2mm,
D:2.5mm, L:exarttai apì to dqtulo]
tubeMIP 10 MpatonŁta gia thn mesa—a flagga [d:2mm,
D:2.5mm, L:exarttai apì to dqtulo]
tubeDIP 10 MpatonŁta gia thn pw flagga [ d:2mm,
D:2.5mm, L:exarttai apì to dqtulo]
Arjr‚seic pw & eggÔc 5 FÔlo silikìnhc, 60A Durometer [(Distash
rjrwshc  16.2 4)mm]
Metakarpiof. rjrwsh 5 FÔlo silikìnhc, 60A Durometer [(Distash
rjrwshc  16.2 5)mm]
Seir yarŁmatoc Dyneema 1 PeriŁlixh tŁnonta [D:0.4mm, Antoq :41.5 kg]
Paramorf‚simh tain—a 1 [Pltoc:10 mm, Pqoc:5 mm]
Anti olisjitik  tain—a 1 3M Gripping Material [Pltoc:25 mm]
Autì-boulkanizìmenh tain—a 1 3M Scotch23 [Pltoc:20 mm]
P—nakac Bþ.1: Katlogoc temaq—wn daqtÔlwn.
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Index Middle Ring Pinky
Thumb MpatonŁta ’Arjrwsh
Sq ma Bþ.3: Anaparastseic temaq—wn daqtÔlwn.
bþ.2 Temqia 65
Bþ.2.2 Temqia palmhc
Ston p—naka Bþ.2 parat—jentai ta temqia thc palmhc kai sto sq ma Bþ.4 parou-
sizontai oi tridistatec anaparastseic touc.
’Onoma Temaq—ou Pos. Perigraf 
palmUp 1 ’Anw pleur palmhc [3D printer]
palmDown 1 Ktw pleur palmhc [3D printer]
barIndexMiddle 1 Mpra de—kth kai mŁsouWhietree [3Dprinter]
barRingPinky 1 Mpra parmesou kai mikroÔ Whietree[3D printer]
mainBar 1 KÔria mpra Whietree [3D printer]
basePulleyInsidePalm 4 SÔsthma periŁlixhc ant—qeira& bsh
sterŁwshc flntzac [3D printer]
Seir yarŁmatoc
Dyneema
1 PeriŁlixh tŁnonta [D:0.4mm, Antoq :41.5 kg]
Paramorf‚simh tan—a 1 [Pltoc:10 mm, Pqoc:5 mm]
Anti olisjitik  tain—a 1 3M Gripping Material [Pltoc:25 mm]
Troqal—a 1 VGroove Sealed Ball Bearing [d:3mm,
D:12mm, B:4mm, Deepness:1.2mm]
Plastikìc apostthc 2 [d:3.1mm, D:6mm, L:4mm]
M3 12 b—daallen qwr—c
kefal 
1 B—dallen qwr—c kefal  metrikì M3[L:12mm]
M3 16 b—daallen me
kefal 
1 B—dallen me kefal  metrikì M3 [ L:16mm]
M3 20 b—daallen me
kefal 
2 B—dallen me kefal  metrikì M3 [ L:20mm]
M3 rodŁla 5 M3 [D:7.5mm, L:0.5mm]
M3 paximdi 5  
P—nakac Bþ.2: Katlogoc temaq—wn palmhc.




Troqal—a M3 16, M3 20 M3 rodŁla
b—dallen me kefal 
Plastikìc apostthc M3  12 M3 paximdi
Sq ma Bþ.4: Anaparastseic temaq—wn palmhc.
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Bþ.2.3 Temqia perifereiakoÔ exoplismoÔ
Ston p—naka Bþ.3 parat—jentai ta temqia tou perifereiakoÔ exoplismoÔ kai sto
sq ma Bþ.4 parousizontai oi tridistatec anaparastseic touc.
’Onoma Temaq—ou Pos. Perigraf 
baseHerkulex 1 Bsh HerkuleX DRS 0201 [3D printer]
toothedMechanism 1 Odontwtìc mhqanismìc ant—qeira[3D printer]
toothedBlockMechanism 1 Odontwtìc mhqanismìc sÔmplexhc bshc
ant—qeira[3D printer]
thumbMovingMechanism 1 KinoÔmenoc mhqanismìc ant—qeira[3D printer]
thumbButton 1 Bsh mhqanikoÔ suzeÔkth [3D printer]
lockMechanismSupport 1 St rixh mhq. sÔmplexhc ant—qeira[3D printer]
lockMechanismBracket 2
UpostÔlwma mhqanismoÔ sÔmplexhc ant—qeira
[3D printer]
pulleyServo 1 Troqal—a touHerkulex DRS 0201 [3D printer]
supportPulley1 2 St rixh troqali‚n sust matoc periŁlixhc
tŁnonta [3D printer]
supportPulleyPalmUpAssem 1 St rixh troqali‚n sust matoc periŁlixhc
tŁnonta [3D printer]
dovetailFemale 1 Jhlukì kommti flntzac [3D printer]
angePlate 1 TupopoihmŁnh flntza [3D printer]
buttonBase 4 Bsh mhqanikoÔ suzeÔkth [3D printer]
buttonFrame 4 Pla—sio mhqanikoÔ suzeÔkth [3D printer]
buttonAxle 4 ’Axonac mhqanikoÔ suzeÔkth [3D printer]
Seir yarŁmatoc Dyneema 1 PeriŁlixh tŁnonta [D:0.4mm, Antoq :41.5 kg]
HerkulexDRS 0201 1 Hlektrikìc epenerght c
Troqal—a 4 VGroove Sealed Ball Bearing [d:3mm,
D:12mm, B:4mm, Deepness:1.2mm]
Plastikìc apostthc 4 [d:3.1mm, D:6mm, L:4mm]
M3 18 b—daallen qwr. kefal  3 B—dallen me kefal , metrikì M3 [ L:18mm]
M3 30 b—daallen qwr. kefal  1 B—dallen qwr—c kefal , metrikì M3 [ L:30mm]
M3 6 b—dallen me kefal  1 B—dallen me kefal , metrikì M3 [ L:6mm]
M3 10 b—daallen me kefal  1 B—dallen me kefal , metrikì M3[ L:10mm]
M3 paximdi 10  
M3 rodŁla 4 M3 [D:7.5mm, L:0.5mm]
M2 10 b—da me kefal  4 B—da me kefal  metrikì M2 [L:10mm]
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M2 paximdi 4  
M2 16 pe—roc 4 M2 pe—roc [L:16mm]
Elat rio piŁsewc 6 mm L, 9mm
OD, 1mm WD
4 9mm Exwterik  dimetroc, 1 mm Dimetroc
SÔrmatoc [ L:6mm]
Elat rio piŁsewc 3 mm L, 3.5mm
OD, 0.5mm WD
1 3.5mm Exwterik  dimetroc, 0.5 mm Dimetroc
SÔrmatoc [ L:3mm]




buttonAxle Troqal—a Plastikìc apostthc
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angePlate buttonBase buttonFrame
M3 6, M3 10 M3 paximdi M3 18, M3 30
b—dallen me kefal  b—daallen qwr—c kefal 
M3 rodŁla M2 paximdi M2  10
b—da me kefal 
lockMechanismBracket lockMechanismSupport
Sq ma Bþ.5: Anaparastseic temaq—wn perifereiakoÔ exoplismoÔ.
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Bþ.2.4 Temqia tridistatou ektupwt 
Ston p—naka Bþ.5 perilambnontai ìla ta temqia pou kataskeusthkan apì thn
mhqan  enapìjeshc t gmatoc.
Parmetroc Tim 
Inll, Fill Density 20%
Inll, Fill Pattern Honeycomb
Seam Position Random
Brim, Brim Width 2mm
P—nakac Bþ.4: Rujm—seic3D ektupwt .
’Onoma Temaq—ou Pos. Perigraf  Prof—l TAZ
ABS
index 1 De—kthc Medium, Sup. O
middle 1 MŁsoc Medium, Sup. O
ring 1 Parmesoc Medium, Sup. O
pinky 1 Mikrìc Medium, Sup. O
thumb 1 Ant—qeirac Medium, Sup. O
palmUp 1 ’Anw pleur palmhc Medium, Sup. On
palmDown 1 Ktw pleur palmhc Medium, Sup. On
barIndexMiddle 1 Mpra de—kth kai mŁsou Medium, Sup. O
barRingPinky 1 Mpra parmesou kai
mikroÔ
Medium, Sup. O
mainBar 1 4 KÔria mpra Whietree Medium, Sup. O
basePulleyInsidePalm 4 SÔsthma periŁlixhc Medium, Sup. O
baseHerkulex 1 Bsh HerkuleX DRS 0201 Medium, Sup. On
toothedMechanism 1 Odontwtìc mhq. ant—qeira Medium, Sup. O
toothedBlockMechanism 1 Odontwtìc mhqanismìc
sÔmplexhc bshc ant—qeira Medium, Sup. O
thumbMovingMechanism 1 KinoÔmenoc mhq. ant—qeira Medium, Sup. On
thumbButton 1 Bsh mhqanikoÔ suzeÔkth Medium, Sup. O
lockMechanismSupport 1 St rixh mhqanismoÔ
sÔmplexhc ant—qeira Medium, Sup. O
lockMechanismBracket 2 UpostÔlwma mhqanismoÔ
sÔmplexhc ant—qeira Medium, Sup. O
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pulleyServo 1 Troqal—aHerkulex Medium, Sup. On
supportPulley1 2 St rixh troqali‚n sust.
periŁlixhc tŁnonta Medium, Sup. O
supportPulleyPalmUpAssem 1 St rixh troqali‚n sust.
periŁlixhc tŁnonta Medium, Sup. On
dovetailFemale 1 Jhlukì kommti flntzac Medium, Sup. On
angePlate 1 TupopoihmŁnh flntza Medium, Sup. On
buttonBase 4 Bsh mhqanikoÔ suzeÔkth Medium, Sup. On
buttonFrame 4 Pla—sio mhqan. suzeÔkth Medium, Sup. On
buttonAxle 4 ’Axonac mhqanikoÔ suzeÔkth Medium, Sup. On
P—nakac Bþ.5: Temqia mhqan c enapìjeshc t gmatoc.
Gia thn kataskeu  twn anjrwpomorfik‚n rompotik‚n qeri‚n qrhsimopoi jhke
h mhqan  enapìjeshc t gmatoc Lulzbot TAZ 4 thc Aleph Objects [58] me jermo-
plastikì ABS. Ep—shc, qrhsimopoi jhkan ta prof—l twn rujm—sewn pou prote—nei
o kataskeuast c gia to Slic3r [59], pou e—nai logismikì anaparagwg cGcode . H
epilog  twn prof—l gia kje temqio fa—netai ston p—naka Bþ.5. Se aut ta prof—l
pragmatopoi jhkan mikrŁc allagŁc pou parousizontai ston p—naka Bþ.4.
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Bþ.3 Sunarmolìghsh
Oi odhg—ec gia thn kataskeu  twn daqtÔlwn analÔetai sto [31]. Met thn su-
narmolìghsh twn daqtÔlwn akolouje— h sunarmolìghsh tou anjrwpomorfikoÔ ro-
mpotikoÔ qerioÔ. Se kje b ma parousizetai Łnac p—nakac temaq—wn& ulik‚n, Łnac
p—nakac ergale—wn, mia epexhghmatik  eikìna kai analutikŁc odhg—ec.
Bþ.3.1 Enswmtwsh daqtÔlwn sthn palmh












P—nakac Bþ.6: Temqia kai ulik gia thn kataskeu  tou sq matoc Bþ.6.
Odhg—ec kataskeu c sq matoc Bþ.6.
Sq ma Bþ.6: Enswmtwsh daqtÔlwn sthn palmh.
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1. Ryimo twn daqtÔlwn sthn palmh sta pou fa—nontai sto sq ma Bþ.6 akolou-
j‚ntac thn diadikas—a pou perigrfetai sto [31].
Bþ.3.2 Kataskeu  & enswmtwsh mhqanik‚n suzeukt‚n





P—nakac Bþ.7: Temqia kai ulik gia thn kataskeu  tou sq matoc Bþ.7.
Odhg—ec kataskeu c sq matoc Bþ.7.
1. Kìllhsh twn buttonBasetwn mhqanik‚n suzeukt‚n sto nw mŁroc thc palmhc
ìpwc fa—netai sto sq ma Bþ.7.
Sq ma Bþ.7: Enswmtwsh bsewn mhqanik‚n suzeukt‚n sthn palmh.
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A/A ’Onoma Temaq—ou Pos.
1 buttonAxle 4
2 buttonFrame 4
3 M2 16 pe—roc 4
4 Elat rio piŁsewc 6 mm L, 9mm OD, 1mm WD 4




P—nakac Bþ.8: Temqia kai ulik gia thn kataskeu  tou sq matoc Bþ.8.
Odhg—ec kataskeu c sq matoc Bþ.8.
1. Kìllhsh twn temaq—wnbuttonFrame sta ant—stoiqa temqia twnbuttonBase
tou sq matoc Bþ.7.
2. Eisagwg  twn elathr—wn stic upodoqŁc twnbuttonFrame.
3. Eisagwg  twn temaq—wnbuttonAxle stic upodoqŁc twnbuttonFrame.
4. Eisagwg  twn pe—rwn M2 16 stic upodoqŁc twnbuttonAxle .
Sq ma Bþ.8: Enswmtwsh mhqanik‚n suzeukt‚n stic bseic touc.
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Bþ.3.3 Kataskeu  mhqanismoÔ ant—qeira





P—nakac Bþ.9: Temqia kai ulik gia thn kataskeu  tou sq matoc Bþ.9.
Odhg—ec kataskeu c sq matoc Bþ.9.
1. Kìllhsh tou toothedMechanismtou mhqanismoÔ tou ant—qeira sto ktw mŁroc
thc palmhc ìpwc fa—netai sto sq ma Bþ.9.
Sq ma Bþ.9: Enswmtwsh bshc mhqanismoÔ ant—qeira sto ktw mŁroc thc palmhc.





P—nakac Bþ.10: Temqia kai ulik gia thn kataskeu  tou sq matoc Bþ.10.
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Odhg—ec kataskeu c sq matoc Bþ.10.
1. Eujugrmmish twn temaq—wnlockMechanismBracketme tolockMechanismSup-
port ìpwc fa—netai sto sq ma Bþ.10.
2. Kìllhsh twn temaq—wnlockMechanismBracketme tolockMechanismSupport.
Sq ma Bþ.10: 1  b ma kataskeu c kinoÔmenou mhqanismoÔ tou ant—qeira.
A/A ’Onoma Temaq—ou Pos.





P—nakac Bþ.11: Temqia kai ulik gia thn kataskeu  tou sq matoc Bþ.11.
Odhg—ec kataskeu c sq matoc Bþ.11.
1. Kìllhsh twn temaq—wntoothedBlockMechanismkai thumbButton me thn ka-
taskeu  tou sq matoc Bþ.10.
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Sq ma Bþ.11: 2  b ma kataskeu c kinoÔmenou mhqanismoÔ tou ant—qeira.
A/A ’Onoma Temaq—ou Pos.
1 Kataskeu  sq matoc Bþ.11 1
2 M3 Paximdi 1
3 M3 RodŁla 1
4 M3 6 B—dallen me kefal  1
Ulik kai ergale—a
Kleid—allen
P—nakac Bþ.12: Temqia kai ulik gia thn kataskeu  tou sq matoc Bþ.12.
Sq ma Bþ.12: 3  b ma kataskeu c kinoÔmenou mhqanismoÔ tou ant—qeira.
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Odhg—ec kataskeu c sq matoc Bþ.12.
1. Eujugrmmish twn eid‚n bidopoiðac me thn kataskeu  tou sq matoc Bþ.11 ìpwc
fa—netai sto sq ma Bþ.12.
2. SÔsfixh b—dacallen M3 6 ìpwc fa—netai sto sq ma Bþ.12.
A/A ’Onoma Temaq—ou Pos.
1 thumbMovingMechanism 1
2 M3 18 b—daallen qwr. kefal  1
3 M3 Paximdi 2
4 Kataskeu  sq matoc Bþ.12 1
5 Elat rio piŁsewc 3 mm L, 3.5mm OD, 0.5 1
Ulik kai ergale—a
Kleid—allen
P—nakac Bþ.13: Temqia kai ulik gia thn kataskeu  tou sq matoc Bþ.13.
Sq ma Bþ.13: 4  b ma kataskeu c kinoÔmenou mhqanismoÔ tou ant—qeira.
Odhg—ec kataskeu c sq matoc Bþ.13.
1. Eujugrmmish tou elathr—ou piŁsewc me thn kataskeu  tou sq matoc Bþ.12
ìpwc fa—netai sto sq ma Bþ.13.
2. Eujugrmmish twn eid‚n bidopoiðac me thn kataskeu  to temqio thumbMo-
vingMechanism ìpwc fa—netai sto sq ma Bþ.13
3. SÔsfixh b—dacallen M3 18 ìpwc fa—netai sto sq ma Bþ.13.
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A/A ’Onoma Temaq—ou Pos.
1 thumb 1
2 Kataskeu  sq matoc Bþ.13 1
Ulik kai ergale—a
Kìlla ABS
P—nakac Bþ.14: Temqia kai ulik gia thn kataskeu  tou sq matoc Bþ.14.
Odhg—ec kataskeu c sq matoc Bþ.14.
1. Eujugrmmish tou temaq—outhumb me thn kataskeu  tou sq matoc Bþ.13 ìpwc
fa—netai sto sq ma Bþ.14.
2. Kìllhsh tou thumb me thn kataskeu  tou sq matoc Bþ.13 ìpwc fa—netai sto
sq ma Bþ.14.
Sq ma Bþ.14: 5  b ma kataskeu c kinoÔmenou mhqanismoÔ tou ant—qeira.
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Bþ.3.4 Kataskeu  sust matoc periŁlixhc tŁnonta & bshc
epenerght 
A/A ’Onoma Temaq—ou Pos.
1 M3 Paximdi 2
2 M3 12 b—daallen qwr—c kefal  1
3 basePulleyInsidePalm 2
4 M3 RodŁla 2




P—nakac Bþ.15: Temqia kai ulik gia thn kataskeu  tou sq matoc Bþ.15.
Odhg—ec kataskeu c sq matoc Bþ.15.
1. Eujugrmmish twn M3 paximadi‚n me tic upodoqŁc twn temaq—wnbasePulleyIn-
sidePalm ìpwc fa—netai sto sq ma Bþ.15.
2. Eujugrmmish twn upolo—pwn M3 rodel‚n kai thc troqal—ac ìpwc fa—netai sto
sq ma Bþ.15.
3. SÔsfixh b—dacallen M3 12 ìpwc fa—netai sto sq ma Bþ.15.
Sq ma Bþ.15: 1  b ma kataskeu c sust matoc periŁlixhc tŁnonta.
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A/A ’Onoma Temaq—ou Pos.
1 M3 Paximdi 1
2 M3 RodŁla 2
3 Troqal—aVGrooved Sealed Ball Bearing 1
4 supportPulleyPalmUpAssem 1




P—nakac Bþ.16: Temqia kai ulik gia thn kataskeu  tou sq matoc Bþ.16.
Odhg—ec kataskeu c sq matoc Bþ.16.
1. Eujugrmmish tou paximadioÔ M3 me thn kataskeu  tou sq matoc Bþ.8 ìpwc
fa—netai sto sq ma Bþ.16.
2. Eujugrmmish twn upolo—pwn M3 rodel‚n, thc troqal—ac kai tou temaq—ou
supportPulleyPalmUpAssemìpwc fa—netai sto sq ma Bþ.16.
3. SÔsfixh b—dacallen M3 10 ìpwc fa—netai sto sq ma Bþ.16.
Sq ma Bþ.16: 2  b ma kataskeu c sust matoc periŁlixhc tŁnonta.
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A/A ’Onoma Temaq—ou Pos.
1 Kataskeu  sq matoc Bþ.16 1
2 M2 10 b—da me kefal  4
3 Plastikìc apostthc 4 mm 4
4 baseHerkulex 1
5 M2 paximdi 4
Ulik kai ergale—a
Katsab—di
P—nakac Bþ.17: Temqia kai ulik gia thn kataskeu  tou sq matoc Bþ.17.
Odhg—ec kataskeu c sq matoc Bþ.17.
1. Eujugrmmish twn tessrwn paximadi‚n M2 me to temqio baseHerkulexìpwc
fa—netai sto sq ma Bþ.17.
2. Eujugrmmish twn upolo—pwn M2 bid‚n kai twn plastik‚n apostat‚n ìpwc
fa—netai sto sq ma Bþ.17.
3. SÔsfixh twn bid‚n M2  10 ìpwc fa—netai sto sq ma Bþ.17.
Sq ma Bþ.17: Kataskeu  bshc hlektrikoÔ epenerght .
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P—nakac Bþ.18: Temqia kai ulik gia thn kataskeu  tou sq matoc Bþ.18.
Odhg—ec kataskeu c sq matoc Bþ.18.
1. Prìsdesh twn daqtÔlwn de—kthc kai mŁsoc me to temqiobarIndexMiddle ìpwc
fa—netai sto sq ma Bþ.18.
2. Prìsdesh twn daqtÔlwn parmesoc kai mikrìc me to temqio barRingPinky
ìpwc fa—netai sto sq ma Bþ.18.
3. SÔndesh twn temaq—wnbarIndexMiddle kai barRingPinky me to temqiomain-
Bar ìpwc fa—netai sto sq ma Bþ.18.
Sq ma Bþ.18: 3  b ma kataskeu c sust matoc periŁlixhc tŁnonta.
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A/A ’Onoma Temaq—ou Pos.
1 M3 paximdi 2
2 basePulleyInsidePalm 2
P—nakac Bþ.19: Temqia gia thn kataskeu  tou sq matoc Bþ.19.
Odhg—ec kataskeu c sq matoc Bþ.19.
1. TopojŁthsh tou paximadioÔ M3 sto temqio basePulleyInsidePalmìpwc fa—ne-
tai sto sq ma Bþ.19.
2. Epanlhyh b matoc 1.
Sq ma Bþ.19: 4  b ma kataskeu c sust matoc periŁlixhc tŁnonta.
A/A ’Onoma Temaq—ou Pos.
1 Kataskeu  sq matoc Bþ.15 1
2 Kataskeu  sq matoc Bþ.18 1
3 Kataskeu  sq matoc Bþ.19 2
P—nakac Bþ.20: Temqia gia thn kataskeu  tou sq matoc Bþ.20.
Odhg—ec kataskeu c sq matoc Bþ.20.
1. TopojŁthsh kataskeu c sq matoc Bþ.15 sthn kataskeu  tou sq matoc Bþ.18
ìpwc fa—netai sto sq ma Bþ.20.
2. TopojŁthsh kataskeu‚n sq matoc Bþ.19 sthn kataskeu  tou sq matoc Bþ.18
ìpwc fa—netai sto sq ma Bþ.20.
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Sq ma Bþ.20: 5  b ma kataskeu c sust matoc periŁlixhc tŁnonta.
A/A ’Onoma Temaq—ou Pos.
1 Kataskeu  sq matoc Bþ.10 1
2 Kataskeu  sq matoc Bþ.20 1
3 M3 16 b—daallen me kefal  1
4 M3 rodŁla 2
5 M3 paximdi 1
6 Plastikìc apostthc 4 mm 1
Ulik kai ergale—a
Kleid—allen
P—nakac Bþ.21: Temqia kai ulik gia thn kataskeu  tou sq matoc Bþ.21.
Odhg—ec kataskeu c sq matoc Bþ.21.
1. Eujugrmmish kataskeu c sq matoc Bþ.10 me kataskeu  sq matoc Bþ.20 ìpwc
fa—netai sto sq ma Bþ.21.
2. SÔsfixh b—dacallen M3 16 ìpwc fa—netai sto sq ma Bþ.21.1
1To kenì metaxÔ twn kataskeu‚n twn sqhmtwn Bþ.10 kai Bþ.20 prŁpei na e—nai 4 mm.
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Sq ma Bþ.21: 6  b ma kataskeu c sust matoc periŁlixhc tŁnonta.
A/A ’Onoma Temaq—ou Pos.
1 M3 paximdi 4
2 supportPulley1 2
3 Plastikìc apostthc 4 mm 4
4 M3 18 b—daallen qwr—c kefal  2
5 Troqal—aVGrooved Sealed Ball Bearing 2
Ulik kai ergale—a
Kleid—allen
P—nakac Bþ.22: Temqia kai ulik gia thn kataskeu  tou sq matoc Bþ.22.
Odhg—ec kataskeu c sq matoc Bþ.22.
1. TopojŁthsh twn paximadi‚n M3 stic upodoqŁc twn temaq—wnsupportPulley1
ìpwc fa—netai sto sq ma Bþ.22.
2. Eujugrmmish twn plastik‚n apostat‚n kai twn troqali‚n ìpwc fa—netai sto
sq ma Bþ.22.
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3. SÔsfixh b—dacallen M3 18 ìpwc fa—netai sto sq ma Bþ.22.
Sq ma Bþ.22: 7  b ma kataskeu c sust matoc periŁlixhc tŁnonta.
Bþ.3.5 Enswmtwsh ant—qeira & sust matoc periŁlixhc
tŁnonta
Odhg—ec kataskeu c sq matoc Bþ.23.
1. Eujugrmmish troqal—ac me thn kataskeu  twn sqhmtwn Bþ.21 kai Bþ.14 ìpwc
fa—netai sto sq ma Bþ.23.
2. TopojŁthsh paximadi‚n stic opŁc thc kataskeu c Bþ.21 ìpwc fa—netai sto
sq ma Bþ.23.
3. SÔsfixh b—dacallen M3 30 ìpwc fa—netai sto sq ma Bþ.23.
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A/A ’Onoma Temaq—ou Pos.
1 Kataskeu  sq matoc Bþ.21 1
2 Kataskeu  sq matoc Bþ.14 1
3 M3 30 b—daallen qwr—c kefal  1
4 Troqal—aVGrooved Sealed Ball Bearing 1
5 M3 paximdi 1
Ulik kai ergale—a
Kleid—allen
P—nakac Bþ.23: Temqia kai ulik gia thn kataskeu  tou sq matoc Bþ.23.
Sq ma Bþ.23: Enswmtwsh ant—qeira sthn palmh.
A/A ’Onoma Temaq—ou Pos.
1 Kataskeu  sq matoc Bþ.23 1
2 Kataskeu  sq matoc Bþ.22 1
Ulik kai ergale—a
Kìlla ABS
P—nakac Bþ.24: Temqia kai ulik gia thn kataskeu  tou sq matoc Bþ.24.
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Odhg—ec kataskeu c sq matoc Bþ.24.
1. TopojŁthsh kataskeu c tou sq matoc Bþ.22 sthn upodoq  thc kataskeu c tou
sq matoc Bþ.23 ìpwc fa—netai sto sq ma Bþ.24.
2. Kìllhsh kataskeu‚n sqhmtwn Bþ.22 kai Bþ.23 ìpwc fa—netai sto sq ma Bþ.24.
Sq ma Bþ.24: 1  b ma enswmtwshc sust matoc periŁlixhc tŁnonta sthn palmh.
A/A ’Onoma Temaq—ou Pos.
1 Dyneema  
2 Troqal—aVGrooved Sealed Ball Bearing 2
Ulik kai ergale—a
MakriŁc belìnec
P—nakac Bþ.25: Temqia kai ulik gia thn kataskeu  tou sq matoc Bþ.25.
Odhg—ec kataskeu c sq matoc Bþ.25.
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1. Od ghsh tŁnonta periŁlixhc ant—qeira2 ìpwc fa—netai sto sq ma Bþ.25.
Sq ma Bþ.25: 2  b ma enswmtwshc sust matoc periŁlixhc tŁnonta sthn palmh.
A/A ’Onoma Temaq—ou Pos.
1 Dyneema  
2 Troqal—aVGrooved Sealed Ball Bearing 2
Ulik kai ergale—a
MakriŁc belìnec
P—nakac Bþ.26: Temqia kai ulik gia thn kataskeu  tou sq matoc Bþ.26.
Odhg—ec kataskeu c sq matoc Bþ.25.
2Oi makriŁc belìnec ja dieukolÔnoun thn diadikas—a.
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1. Od ghsh tŁnonta periŁlixhc ant—qeira ìpwc fa—netai sto sq ma Bþ.26.
Sq ma Bþ.26: 3  b ma enswmtwshc sust matoc periŁlixhc tŁnonta sthn palmh.
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Bþ.3.6 Enswmtwsh flntzac
A/A ’Onoma Temaq—ou Pos.
1 Kataskeu  sq matoc Bþ.26 1
2 angePlate 1





P—nakac Bþ.27: Temqia kai ulik gia thn kataskeu  tou sq matoc Bþ.27.
Odhg—ec kataskeu c sq matoc Bþ.27
1. Kìllhsh twn temaq—wnangePlate kai dovetailFemaleìpwc fa—netai sto sq ma
Bþ.27.
2. Enswmtwsh tou temaq—ouangePlate sthn kataskeu  tou sq matoc Bþ.26
ìpwc fa—netai sto sq ma Bþ.27.
3. SÔsfixh bid‚n allen M3 20 ìpwc fa—netai sto sq ma Bþ.27.
Sq ma Bþ.27: Enswmtwsh flntzac sthn kataskeu .
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Bþ.4 SunarmologhmŁnh kataskeu 
To tridistato montŁlo tou sunarmologhmŁnou anjrwpomorfikoÔ rompotikoÔ qe-
rioÔ fa—netai sto sq ma Bþ.28 kai h telik  kataskeu  sto sq ma Bþ.29.
Sq ma Bþ.28: Anjrwpomorfikì rompotikì qŁri, sunarmologhmŁnh kataskeu .
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sÔsthma periŁlixhc tŁnonta tendon routing system
rjrwsh stajeroÔ xona peristrof c pin joint
elastik  rjrwsh exure joint
epikluyh overlap
idio prosarmostik selfadaptable
sugkekrimŁnh k—nhsh sÔzeuxhc xed-motion coupling
mhqanikìc suzeÔkthc button
mhqan  enapìjeshc t gmatoc 3D Printer
pleurik  arpgh lateral grasp
tr—podh arpgh tripod grasp
tr—podh arpgh graf c writing tripod grasp
akrib c sfairoeid  arpgh precision sphere grasp
arpgh dÔnamhc d—skou power disk grasp
arpgh meglhc diamŁtrou large diameter grasp
arpgh mesa—ac diamŁtrou medium diameter grasp
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